
THE AMERICAN JOURNAL 
OF PATHOLOGY 




THE AMERICAN JOURNAL 
OF PATHOLOGY 


Official Publication of 

The American Association of Pathologists and Bacteriologists 


BOARD OF EDITORS 

FRANK B. MALLORY, Editor-In-Chief 
JAMES W. JOBLING FREDERIC PARKER, Jr. 

HOWARD T. KARSNER H. GIDEON WELLS 

PAUL A. LEWIS GEORGE H. WHIPPLE 

HANS ZINSSER 


VOLUME VIII 

1932 


boston 

MASSACHUSETTS 

U. S. A. 



COPYRIGHT, 1932 
BY THE AMERICAK ASSOCIATION 
OF PATHOLOGISTS AND BACTERIOLOGISTS 


PRINTED AT THE HARVARD UNIVERSITY PRESS 
CAMBRIDGE, MASS., U. S. A. 



CONTENTS OF VOLUME VHI 


JANUARY, 1932 . NUMBER 1 

Renal Lesions in the Toxemias oe Pregnancy. E. T. Bell. Plates 1-3 i 

Infectious Oral Papillomatosis op Dogs. W. A. DeMofibreun atid 

E. W. Goodpasture. Plates 4-7 43 

Tularemic Encephalitis. Pathology of Acute Tularemia with 
Brain Involvement and Coexisting Tuberculosis. F. W. Hart- 
man. Plates 8, 9 57 

A Study op Vaccine Virus Pijeumonia in Rabbits. R. S. Muckenfuss, 

H. A. McCordock, and J. S. Harter. Plates 10-13 63 

Tee Frequency of Anomalous Reticula in the Right Atrium op the 
Human Heart “Chiari Network.” Report of Eight Cases. 
Ferdinand C. Hdwig. Plates 14-17 73 

Syphilitic Aortic Endocarditis and Superimposed Bacterial (Strep- 
tococcus ViRiDANs) Endocarditis. E. B. Craven, Jr. Plate 18 . 81 

Quantitative Observations on the Valves op the Human Heart. 


PaulGross and Robert A. Moore. Plate 19 91 

Formation of Bone Marrow in the Suprarenal Gland. Donald C. 

Collins. Plate 20 97 

Multiple Infarcts and Necroses of the Spleen (Fleckmilz). 

Geojffrey Rake 107 

Tumors in Captive Primates. Report of Two Cases. Herbert L. 

Ratcliffe. Plate 21 117 


MARCH, 1932 . NUMBER 2 

Intranuclear and Cytoplasmic Inclusions (“Protozoan-Like 
Bodies”) in the Salivary Glands and Other Organs of Infants. 


Sidney Farber and S. Burt Wolbach. Plates 22, 23 123 

Yellow Fever Encephalitis of the Monkey (Macacos Rhesus). 

Ernest W. Goodpasture. Plates 24-26 137 


The Occurrence of Intranuclear Inclusions in Monkeys Unac- 
companied BY Specific Signs .of Disease. W. P. Coveil. Plate 27 115 

Anatomical Changes in the Livers of Dogs Following Mechanical 
Constriction of the Hepatic Veins. J. P. Simonds and J. W. 

Callaway. Plate 28 iS 9 

Torula Infection. A Review and Report of Two Cases. Janies W. 

Waits. Plates 29-33 167 

Studies of Experimental Muscle Degeneration. I. Factors in the 
Production of Muscle Degeneration. D. K. Fishback and H. R. 
Fishback. Plate 34 i 93 



VI 


CONTENTS 


SxmjiES OF Experimental Muscle Degeneration. II. Standard 
Method of Causation of Degeneration, and Repair of the 
Injured Muscle. D . K . Fishback and E . R . Fishback . Plates 35, 36 211 
Vital Staining of the Rabbit's Aorta in the Study of Arterio- 
sclerosis. G . Lytnan Diiff 219 

The Effect of Cabbage Feeding on the Morphology of the Thyroid 

OF Rabbits. Isolde T . Zcckwer . Plate 37 235 

A Technique of Silver Impregnation for General Laboratory 

Purposes. Nathan Chandler Fool and Ellen Bellows Foot . Plate 38 245 
The Question of a Specific Myocardial Lesion in Hyperthyroidism 

(Basedow’s Disease). William Lewis . Plate 39 255 

MAY, 1932 . NUMBER 3 

Osteitis Fibrosa. F . J. Lang . Plates 40, 41 263 

Vacctnal Infection of the Chorio-Allantoic Membrane of the 
Chick Embryo. E . W . Goodpasture , Alice M . Woodruff , and G . J . 

Buddingh . Plates 42-45 271 

Subcutaneous Nodules in Chronic Arthritis. Clinical, Patho- 
logical AND BACTEMOLOGICAL STUDIES. B . J . Clawsou a 7 ld Mac - 

nider Welherby . Plates 46, 47 283 

A Method for Progressive Selective Staining of Nissl and Nuclear 

Substance in Nerve Cells. Larus Einarson . Plates 48-50 . . 295 

Concerning the Histology of Melanoma. Nathan Chandler Foot . 

Plates 51-53 309 

Concerning the Histology of Melanoma. II. With Special Con- 
sideration AS TO THE Nervous Eleiients of the Tumor. Nathan 

Cha 7 idler Foot . Plates 54-56 321 

HiSTOCHEraCAL STUDIES BY MiCROINCINERATION OF NORMAL AND NEO- 
PLASTIC Tissues. Gordon E . Scott and E . S . Earning . Plates 57, 58 329 

A Case of Multiple PAPULOiiATA of the Larynx vtth Aerial Me- 

TASTASES TO LUNGS. Eenry B . Eitz Ofid Ernst Oesterlin . Plate 59 . 333 

Lumbosacral Teratolia Associated ivith Spina Bifida Occulta. 
Report of a Case with Review of the Literature. Paul C . 

Bucy and E . E . Eaymond . Plates 60, 61 339 

Micrococcus Pharyngis Siccus Endocarditis. Irving Graef , Clarence 

E . de la Chapelle , and Margaret C . Vance . Plate 62 347 

Effect of Radium Emanation on the Histocyte in the Liver of 
THE White Rat. George M . Eiggihs and J . C . Thomas Rogers . 
Plates 63, 64 355 

JULY, 1932 . NmiBER 4 

Experimental and Spontaneous Schwannolias (Peripheral Gli- 
omas). I. Experimental Schwannomas. P . Masson . Plates 65, 66 367 
Experimental and Spontaneous Schivannomas (Peripheral Gli- 
omas). II. Spontaneous ScmvANNOiiAS. P . Masson . Plates 67-73 389 



CONTENTS 


• • 

vu 

The Origin or Epitheliuu-Lined Blood Cysts (Chocolate Cysts) 

OF THE Ovary erom the Graafian Follicle and Its Derivatives. 

E. S. J. King. Plates 74-76 417 

LIelitensis Meningo-Encephalitis. Mycotic Aneurysm Due to 
Brucella Melitensis Var. Porctne. G. H. Emisviann and J. R. 
Schenken. Plates 77-80 435 

An Instance op Adamantinoiia of the Jaw with Metastases to the 

Right Lung. Jefferson Vorzimer and David Perla. Plates 81, 82 . 445 

Transient Pachymenia of the Intima of the Aorta with Reference 

TO Juvenile Arteriosclerosis. C. Magarinos Torres. Plate 83 . 455 

SEPTEMBER, 1932. NUMBER 5 

Melanoma Studies. I. The Dopa Reaction in General Pathology. 

George F. Laidlaw. Plates 83-87 477 

Melanoma Studies. II. A Simple Technique for the Dopa Reaction. 

George F. Laidlaw and Solon N. Blackberg 491 

A Study of the Repair of Articular Carthage and the Reaction 
OF Normal Joints of Adult Dogs to Surgically Created De- 
fects OF Articular Carthage, “Joint Mice” and Patellar 
Displacement. Granville A. Bennett and Walter Bauer, with the 
surgical assistance of Stephen J. Haddock. Plates 88-98 499 

Studies in the Pathology of Development. II. Some Aspects of 
Defective Development in the Dorsal Midline. N. William 

Ingalls. Plates 99-101 525 

Studhs on the Nature of the Negri Body. W. P. Coveil and W. B. C. 

Banks. Plates 102, 103 SS7 

The Circulation in the Pancreatic Lobule after Partial Venous 

Obstruction. James S. P. Beck and Paul Peterson. Plates 104, 105 573 

A Simple Method for Studying the Cytology of the Infectious 
Myxoma of the Rabbit. Margaret Reed Lewis and Raymond E. 
Gardner 5^3 

Scientific Proceedings of the Thirty-Second Annual Meeting of 

THE American Association of Pathologists and Bacteriologists 589 

NOVEMBER, 1932. NUMBER 6 

Glomerular Lesions Associated with Endocarditis. E. T. Bell. 

Plates 106-108 639 

Glomerular Changes in the Kidneys of Rabbits and Monkeys In- 
duced BY Uranium Nitrate, Mercuric Chloride and Potassium 
Bichromate. Warre^iC.Hunter and Joe M. Roberts. Plates 109— iii 665 

TTTK TnT.nr.TCAT. Studhs OF HYPERSENSITIVE REACTIONS. Louis Diettes 

and Tracy B. Mallory. Plates 112, 113 689 

A Histochemical Study by Microinoneration of the Inclusion 

Body of Fowl-Pox. W. B. C. Banks. Plate 114 711 



CONTENTS 


viii 

Medionecrosis Aortae Idiopathica Cystica. Alan Richards Moritz. 

Plates IIS, 116 717 

IVlESENTERroM CoMMUNE WITH INTESTINAL OBSTRUCTION. Alan Richards 

Moritz. Plate 117 735 

Fibrocystic Disease oe the Bones Associated with Tumor oe a 
Parathyroid Gland. Report oe a Case. Raymond S. Rosedale. 

Plate 118 745 

A Study oe the Pathogenioty oe the Bactllus oe Calmette-Gu£rin 

(B.C.G.). William H. Feldman. Plates 1 19, 120 755 

Two Simple Methods eor the Silver Impregnation oe Nerve Fibers 
IN Paraeein Sections of the Central and Peripheral Nervous 
System. Nathan Chandler Foot. Plate 121 769 

The Eeeect oe Dieeerent Types oe Fixation on the Silver Impreg- 
nation OE Paraffin Sections of Peripheral Nerve. Nathan 
Chandler Foot. Plate 122 . 777 

Silver Impregnation of Glia and Nerve Fibers in Paraffin Sections 

AFTER Formalin Fixation. Belenor Campbell Wilder. Plate 123 . 785 



THE AMERICAN JOURNAL 
OF PATHOLOGY 


Volume VIII JANUARY, 1932 Number i 


RENAL LESIONS IN THE TOXEMIAS OF PREGNANCY* 

E. T. Bell, M.D. 

{From the Department of Pathology, University of Minnesota, Minneapolis, Minn.) 


This paper is based upon a study of the kidneys from 20 cases of 
toxemia of pregnancy. Particular attention is given to the structural 
changes in the glomeruli. The effect of pregnancy upon preexistent 
nephritis is also discussed. 

The clinical manifestations of the toxemias of pregnancy are so 
varied that it is difficult to arrange them in a logical classification. 
For the purposes of discussion, however, they may be divided into 
five groups: (i) t3T>ical eclampsia with convulsions; (2) eclampsia 
without convulsions; (3) preeclampsia; (4) hyperemesis gravidarum, 
and (5) pregnancy in association with preexisting renal disease. 

I. Typical Eclampsia with Convulsions 

The characteristic symptoms and signs in this disease are convul- 
sions, hypertension, albmninuria, edema, headache, visual disturb- 
ances, nausea and vomiting, vertigo, restlessness, and, especially in 
fatal cases, coma. These symptoms are by no means all present in 
every instance, and apparently no single s3nnptom is necessary to 
establish the diagnosis of eclampsia, but, by definition, t)T)ical 
eclampsia includes only those cases where convulsions are present. 

The pathologist is justified in making a diagnosis of eclampsia if 
he finds hemorrhagic necroses in the liver in a case of pregnancy, 
but he cannot exclude eclampsia when no necrosis of the liver is 
found, since this lesion is occasionally absent. 

* Received for publication September i, 1931. 



2 


BELL 


In order to form a basis for the interpretation of the renal lesions 
which are described in this paper, the various features of eclampsia 
will be discussed in some detail. 

Hauch estimates the frequency of eclampsia in Denmark as i in- 
stance in every 569 births. Seitz gives a rate of about i to 500 in 
Germany. The rate in Baden over a period of fourteen years, ac- 
cording to Gessner, was i to 620. Hospital statistics naturally show 
a greater frequency of eclampsia. Schmechel, at the Dresden 
Frauehklinik, found 238 instances of eclampsia in 27,340 births 
(i to no); Meyer-Wirz at Zurich, 112 eclampsias in 13,139 births 
(i to 117) ; and Strober at the Munich Frauenklinik, 336 eclampsias 
in 46,711 births (1 to 139). Theobald states that eclampsia is very 
rare in Siam but he gives no statistics. 

Eclampsia is more frequent in primiparae than in multiparae. 
The usual hospital statistics show 70 to 80 per cent in primiparae. 
Strober, in 336 instances of eclampsia, found 71.1 per cent in primi- 
parae, and 28.8 per cent in multiparae. Biittner found reports of 
179 cases of eclampsia from all sources during a ten-year period in 
Mecklenburg-Schwerin. Of these 60.2 per cent were primiparae and 
39.8 per cent multiparae. He suggests that the higher percentage 
of multiparae in his statistics is due to the fact that this group is less 
inclined to go to the clinics than the primiparae. On the basis of the 
relative frequency of primiparous and multiparous births Biittner 
calculates that i instance of eclampsia occurs to every 220 to 270 
primiparous, and to every 1100 to 1300 multiparous births. The 
greater tendency to eclampsia in primiparae is well established but 
entirely unexplained. 

Period of Gestation: Eclampsia rarely develops before the fifth 
month of gestation. Fehling, in a survey of 516 cases, foxmd only 
5 before the fifth month. A good survey of the literature of early 
eclampsia is given by Ebeler, who found reports of 55 cases before 
the fifth month. A few instances occurring in the second and third 
months are published. 

Futh reviewed 56 published reports of early eclampsia. He states 
that there are only ii postmortem reports, and that the details 
of even these are rather meager. Goedecke gives the following dis- 
tribution of 306 cases of eclampsia, based on the weight of the fetus: 
2-3rd month, i; 5-6th month, 13; 6-7th month, 39; 7-8th month, 
53; 8-9th month, 85; 9-ioth month, 38; full term, 77 cases. In 
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an analysis of 384 cases Goedecke found that the first convulsion 
occurred postpartum in 70 (18.2 per cent). Peckliam, in a report 
of 77 cases, found tliat 38 began antepartum, 24 intrapartum, and 
15 postpartum. Schmechel grouped 238 cases as follows: antepar- 
tum 26, intra- and postpartum 184, and postpartum 28. Meyer- 
Wirz reported 62 antepartum, 32 intrapartum, and 23 postpartum. 
Strober, in a study of 336 cases of eclampsia, found that 80 began 
antepartum, 1S9 intrapartum, and 67 postpartum. It is not dear 
in any of these statistics how often preeclamptic symptoms were 
present before labor in the group in which the first convulsion 
occurred postpartum. 

It is to be noted that eclampsia develops in the vast majority of 
instances after the fetus and placenta have attained considerable 
size. It is estimated that the symptoms are relieved by emptying 
the uterus in over 50 per cent of the cases. The fact that, in at least 
10 per cent, the symptoms first appear postpartum might be ex- 
plained as a ddayed action of the bypothetical toxin, since edampsia 
rarely sets in later than twenty-four hours after labor. 

Edampsia may develop as a complication of extrauterine preg- 
nancy (Ebeler), or of ovarian pregnancy (Luniewski). 

Wigger reported a case with edampsia resulting from a hydati- 
form mole, and gives references to 8 other similar cases. The 
occurrence of edampsia in assodation with moles indicates that if 
a toxic substance causes eclampsia it is to be sought for in the pla- 
centa rather than in the fetus. 

Onset: Seitz states that in about 80 per cent of cases of edampsia 
preedamptic symptoms are present before the onset of convulsions. 
Wolff and Zade also find a gradual onset of symptoms in the usual 
case. But there is a less frequent t3q)e with sudden violent onset in 
which few or no warning symptoms are noted. 

Recurrence: Hinselmann, 1924, from a survey of 10,000 cases of 
eclampsia collected from the literature, concluded that it recurs in 
about 1.92 per cent of subsequent pregnancies. On this basis, if we 
accept the incidence of edampsia as i to 500 pregnancies, eclampsia 
is about ten times as frequent in those who have had a previous 
attack. 

Some recent writers find a rather high incidence of recurrent 
eclampsia and toxemia. Schmechel, 1929, traced 83 women who 
had had pregnancies subsequent to edampsia. Of these, 35 (42 per 
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cent) had normal pregnancies; 33 (40 per cent) had preeclamptic 
symptoms; and 15 (18 per cent) had eclampsia. 58 per cent of the 
women had eclampsia or preeclampsia in a subsequent pregnancy. 

Young, 1929, traced 42 women who became pregnant again follow- 
ing an attack of eclampsia. In the 60 gestations which occurred, 
there were 3 instances of eclampsia, 15 of albuminuria and 6 of 
abortion, hemorrhage or premature labor. Complications occurred 
in about 40 per cent, but the recurrence of typical eclampsia was low. 

Apparently a woman who has had an attack of eclampsia runs a 
great risk of developing some form of toxemia in a subsequent preg- 
nancy, although typical eclampsia does not often recur. Some writ- 
ers attribute the predisposition to toxemia, following an attack of 
eclampsia, to renal injury, but this view has not been established. 

Convulsions: Convulsions are the characteristic feature of typical 
eclampsia, but the number of convulsions is very variable, Seitz, in 
a group of 147 cases, found 2 in which only one convulsion occurred. 
Some patients have tremors but not true convulsions. The con- 
vulsive attacks commonly follow the preeclamptic s3miptoms, but 
occasionally they precede the other symptoms. The convulsions are 
commonly attributed to injuries of the central nervous system, and 
this view is supported by the frequent finding of small hemorrhages, 
areas of softening and thromboses in the brain. 

Convulsions are not a necessary part of the eclamptic picture. This 
topic will be discussed under “Eclampsia without Convulsions,” 

Edema: Zangemeister has shown that slight edema of the ankles 
especially, is found at times in practically all pregnant women. It 
is apparently due to retention of water by the tissues and not to 
passive congestion. In general, a moderate edema without album- 
inuria or other preeclamptic symptoms is not of serious import. 
Albuminuria is usually present with severe edema. In many in- 
stances of eclampsia and preeclampsia, edema is inconspicuous or 
absent. Edema is apparently not due to renal injury, since it com- 
monly precedes albuminuria. Zangemeister believes that general- 
ized capillary injury with increased permeability is the underlying 
cause of this form of edema. However, there is no direct evidence 
of generalized capillary injury. The retention of fluid may be due 
to injury of the tissues with increased affinity for water. 

The Urine: Albumin is found in the urine in practically all in- 
stances of eclampsia. Usually it is found in large amounts, but occa- 
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sionally there is only a trace. In rare instances it first appears late 
in the illness after the convulsions (Theobald), and then only in 
small amounts. Cases have also been reported in which no albumin 
was found at any time either before or after the convulsions (Goe- 
decke, Hiess and Bedonann, Austin, Meyer-Wirz, and Breuning). 
Albumin may appear in the urine or increase greatly in amount 
within a short time, so that repeated examinations are necessary to 
exclude its presence. However, it is well established that convul- 
sions and hypertension may precede albuminuria. 

There is usually a moderate oliguria during eclampsia. Some- 
times only a little urine is excreted. In the rare form mth cortical 
necrosis of the kidneys there is marked oliguria or anuria. 

Erythrocytes are often found in the urine in increased numbers, 
but they are seldom as munerous as in acute glomerulonephritis. 
Gross hematuria is not often seen except in association wth cortical 
necrosis. The presence of blood in the urine is, however, not incon- 
sistent with the edamptic kidney. 

Blood Pressure: Hypertension is an almost constant symptom of 
eclampsia. Schwarz states that he has never seen an instance of 
eclampsia or preeclampsia without hypertension. Seitz, however, 
found 13 per cent of his patients with a systolic pressure below 
130 mm. Hg. He found the systolic pressure over 150 mm. Hg. in 
64 of 98 instances of edampsia, and 30 of 35 instances of pre- 
edampsia. Hiess and Beckmann reported 13 cases with no eleva- 
tion of blood pressure on repeated examinations. 

Heynemann calls attention to the marked lability of the blood 
pressure in eclampsia. A temporary hypertension is easily over- 
looked, especially when the patient is first seen late in the illness. 
Severe cases, particularly patients in coma, are apt to show a fall of 
blood pressure. In 8 of 56 cases which he studied carefully, the 
systolic blood pressure was not above 135 mm. Hg. The usual sys- 
tolic pressure is 150 to 180 mm. Hg. He3memann states that he 
has not seen a patient with pronounced preedamptic symptoms who 
did not have hypertension. 

Hypertension precedes the convulsions in a vast majority of in- 
stances, but not invariably, Seitz cites 3 cases where convulsions 
preceded the rise of blood pressure. 

Kidney Function: The retention of water and sodium chloride in 
eclampsia is well known. A good discussion of the literature of 
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nitrogen retention in eclampsia is given by Heynemann. It is clear 
that the non-protein nitrogen of the blood is nearly always normal 
or only slightly elevated. Hhssy never found it above 50 mg. Seitz 
found the non-protein nitrogen above 40 mg, in about half his cases, 
and above 60 mg. in 10 per cent. Plass reports a slight rise in the 
non-protein nitrogen after delivery in normal patients, most marked 
during the first twenty-four hours after delivery. In the late toxem- 
ias of pregnancy this postpartum increase is accentuated. Plass is 
inclined to attribute the nitrogen increase to tissue retention rather 
than to renal insufficiency. However, as will be emphasized later, 
the glomerular lesions are sufficiently marked to account for some 
renal insufficiency. 


Case Reports 

The following 14 cases are examples of typical eclampsia. 

Case i. (21-477) A woman apparently 35 to 40 years of age registered at a 
hotel and asked for a physician, who could not be located that evening. She was 
found imconscious in her room the next afternoon, November 5, The records 
of the hospital to which she was taken show high blood pressure and convul- 
sions. A dead fetus 48 cm. long was bom without operative interference. Death 
Nov. 5, 1926, at 8 P.M. 

Postmortem Report: No edema; moderate jaundice; no excess 
fluid in serous cavities; small hemorrhages in the serous membranes; 
heart, weight 332 gm.; limgs normal; liver, extensive subcapsular 
hemorrhages, and many small hemorrhages on section. 

The kidneys weighed, together, 285 gm. The external surfaces 
were smooth. On section, the cortices were cloudy and of light yel- 
lowish brown color. 

Microscopically the glomeruli are slightly enlarged, and the 
capillaries are very narrow. There is si: marked thickening of the 
capillary basement membrane. 

Case 2. (25-120) Gravida 1 , 31 years of age. Admitted Feb. 15, 1925. 
Duration of pregnancy, about five and a half months. She was seen by a physi- 
cian early in her pregnancy, and he told her that her kidneys w'ere normal. 
Edema of the feet from time to time during the five weeks preceding admission. 
February i, albmnin blood pressure 120/80; no edema. February 5, blood 
pressure 125/92. February 15, admitted in coma; blood pressure 184/90; 
slight edema of the legs and ankles; faint yellowish tinge to the skin. Urine: 
albumin -j-d — i — j-, many hyaline and granular casts. Definite oliguria. Four 
ounces of urine removed by catheter showed a specific gravity of 1034, Temper- 
ature ranged from 99 to 103° F. Spontaneous abortion shortly after admission. 
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She did not recover from the coma. She had three convulsions while in the 
hospital. Blood sugar 0,15 per cent; blood urea nitrogen 27 mg.; creatinin 
^•5 i^g-j van Slyke 46. Deatli February 18. 

Postmortem Report: Edema of ankles; 100 cc. of clear fluid in 
each pleural cavity; 150 cc. in the pericardial cavity; no ascites; 
edema of lungs; heart, weight 300 gm.; liver, weight 1900 gm., 
subcapsular hemorrhages. 

The kidneys, together, weighed 300 gm. On section the cortices 
were very cloudy. The external surfaces were smooth. 

Microscopic examination shows anemic glomeruli, small capil- 
laries, marked thickening of the glomerular basement membrane of 
all glomerular capillaries and some increase of endothelial nuclei in 
a few tufts. 

Case 3. (25-289) Gravida IH. 41 years of age. Admitted April 20, 1925, 
in the eighth month of pregnancy. She was clear mentaUy on admission and 
stated that she had been well until April 17, 1925, when she developed a severe 
headache. She had one convulsion April 20, before entering the hospital. She 
stated that she had had convulsions seven years ago during pregnancy. Respira- 
tions were 50 per minute, and pulse 120. Blood pressure 165/115. The urine 
showed a spedfic gravity of 1037, albumin ++++, no sugar. She went into 
a convulsion about three hours after reaching the hospital and died a few 
minutes later. 

Postmortem Report: No edema; no jaundice; moderate excess of,. 
fluid in the serous cavities; heart, weight 390 gm.; moderate left 
ventricular hypertrophy, no endocarditis, normal valves; edema of 
lungs; liver, weight 2180 gm., fatty, many hemorrhagic necroses; 
uterus contained a 2660 gm. fetus; multiple adenomas of th)Toid. 

The kidneys weighed 200 gm. and 190 gm. respectively. The ex- 
ternal surfaces were smooth, the cortices cloudy. 

Microscopically the kidneys show changes of unusual interest. 
The most impressive feature is tubular atrophy which involves over 
four-fifths of aU the tubules. The atrophy varies from a slight de- 
crease in size to almost complete disappearance of the tubules. The 
glomeruli associated with normal-sized tubules show only the acute 
changes of eclampsia, that is, thickening of the capillary basement 
membrane, but all the other glomeruli show various degrees of oblit- 
eration. Fully 20 per cent of the glomeruli are completely hyalinized 
and their tubifles have almost disappeared (Fig. 2). The most com- 
mon glomerular lesion is a focal hyalinization (Figs. 3 and 4), which 
is somewhat similar to healed embolic glomerulonephritis. The 
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tubules associated with these partly obliterated glomeruli are 
atrophic, but not so small as those belonging to completely hyalin- 
ized glomeruli. There is some hyaline degeneration of the afferent 
arterioles, but this is not marked and is not responsible for the 
glomerular changes. 

The lesion does not resemble ordinary glomerulonephritis. The 
hyalinization is focal, there are no epithelial crescents and no leuco- 
cytes, There are also no enlarged glomeruli with endothelial pro- 
liferation such as one finds in chronic glomerulonephritis. 

There is no basis for a diagnosis of healed embolic glomerulo- 
nephritis since the heart valves and mural endocardium are entirely 
normal. 

All transitions are easily found between capillaries with thicken- 
ing of the capillary basement membrane and those that are com- 
pletely hyalinized. The process- consists simply in progressive in- 
crease in the thickness of the basement membrane. 

The hyaline glomerular lesions are in all probability the result of 
the eclampsia seven years before death. 

Unfortunately there was no clinical study during the seven-year 
interval between the attacks of eclampsia, and consequently we do 
not know if this was clinically chronic renal disease. However, 
the left ventricular h3q)ertrophy strongly suggests that hyperten- 
sion was present, and the extensive atrophy of the tubules of the 
kidney makes it certain that some renal insufficiency was present. 

Case 4. (25-771) Gravida 1 . 40 years of age. Unmarried. Admitted 
Sept. 21, 1925, about eight and a half months pregnant. Nausea and vomiting 
throughout pregnancy, some headache for several months, edema of feet and 
hands past two or three weeks, almost total blindness past two or three days. 
September 21, blood pressure 226/150; scanty urine with heavy albuminuria; 
hemoglobin 75 per cent. September 22, vomiting; blood pressure 184/110; 
edema of legs, hands and eyelids; eyegrounds edematous; scanty urine which 
boiled solid; no convulsions; dilatation of cervix. September 23, fetus delivered 
by craniotomy; patient very restless; one convulsion during night. Death 
12.15 A.M., Sept. 24, 1925. 


Postmortem Report: Very obese, weight 250 lbs.; edema of legs, 
hands and eyelids; heart, weight 410 gm,; liver, weight 1970 gm., a 
few hemorrhagic necroses; no endometritis. 

The kidneys weighed 175 and 150 gm. respectively. The external 
surfaces were smooth, the cortices very cloudy. 

Microscopically erythroc3rtes are found in many tubules, having 



RI^AL LESIONS IN TOXEMIAS OE PREGNANCY 9 

escaped hod deeply congested glomeruli. In general there is only a 
slight increase of endothelial nuclei, but a few tufts are occluded by 
endothelial/ceUs. There is a moderate thickening of the capillary 
basement iembrane in most of the glomeruli, but it is much less 
pronounced than in Case 14 (Fig. 5). 

Case s./(26-i4s) Gravida I. 18 years of age. Admitted Feb. 12, 1926, 
about six and a half months pregnant. Had morning sickness during the early 
months of pregnancy. About one week before admission she developed vomit- 
ing and htedache. Vomited eight or nine times a day for the past five days. 
Had a sl^ht convulsion at 8 p.m., February ii. Two hours after entrance she 
began haiing convulsions which soon became almost continuous. February 12, 
blood pressure 148/98; pulse 108; temperatme 99.4° F.; edema of eyelids. 
Urine; 4 >scific gravity 1018, albumin }-, sugar f-, many casts, 

■erythrocytes and leucocytes, no acetone or diacetic acid. Blood: hemoglobin 
80 per cent, erythrocytes 4,560,000, leucocytes 24,000, 95 per cent polymorpho- 
nuclea^. Blood urea nitrogen 24.3 mg.; creatinin 1.87 mg. February 13, in- 
■duced labor with delivery of a premature dead fetus. Coma. Death 6.20 p.m. 

I 

PoHmortem Report: Slight edema of the legs; no jaundice; no ex- 
cess of fluid in the serous cavities; heart, weight 260 gm.; liver, 
doudy, no gross areas of necrosis; multiple thromboses of the dural 


sinuses; purulent ethmoiditis. 

The kidneys weighed 120 and 125 gm. respectively. There was 
a, slight dilatation of both pelves and both ureters. The external 
surfaces were smooth, the cortices doudy. 

Microscopically there is a slight enlargement of the glomeruli with 
a moderate narrowing of the capillaries, which is caused mainly by 
an increase of endothelial cells. There is only a slight thickening of 
the capillary basement membrane. The glomerular structure is 
similar to that shown in Fig. 6. The associated infection may be 
responsible for the endothelial proliferation. 


Case 6. (26-283) Gravida I. 17 years of age. First seen by a physician at 
8 A.M., March 22, 1926, in the first stage of labor. Her blood pressure was 
150/110. She was delivered of a normal baby at 1.15 p.sr. the same day and 
appeared normal at 3 p.m. At 4 p.m. she developed attacks of muscular twitch- 
ing with cyanosis and retraction of the head, and passed into coma. At 5 p.m. 
the blood pressure was 180 systolic. 4 oimces of urine removed by catheter 
showed a heavy deposit of albmnin. At 9 p.m. 6 ounces of urine were removed 
by catheter. Death, which occurred at 3 a.m. March 23, was preceded by a 
typical convulsion. 


Postmortem Report: No edema; 200 cc. of clear fluid in the peri- 
toneal cavity; heart, weight 300 gm.; liver, weight 1300 gm., mul- 
tiple small hemorrhagic necroses. 
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The kidneys weighed 150 gm. each. There was moderate dilata- 
tion of the right pel-ris and ureter. The external surfaces were 
smooth, the cortices cloudy. 

Microscopically there is moderate enlargement of the glomeruli 
with narrowing and occlusion of the capillaries, caused chiefly by 
increase of the endothelial cells, but partly by thickening of the 
capillary basement membrane. 

Case 7. (26-725) Gravida I. 37 years of age. Admitted Aug. 4, 1926, in 
coma, about six and a half months pregnant. Said to have been well until early 
in the morning of August 4. She had three or four convulsions before admission. 
Blood pressure i95/r3o. Urine: specific gravity 1016, albiunin 4 -t-++, a 
few hyaline and granular casts, no sugar, a few red cells and many leucocytes. 
Leucocytes 22,900. Blood mrea nitrogen 22.9 mg. Blood sugar 0.30 per cent. 
A bag was inserted to induce delivery, but the patient died imdelivered vdthin 
three horns after admission without regaining consciousness. 

Postmortem Report: No edema; slight icterus; 100 cc. of thin 
blood-tinged ascitic fluid; heart, weight 430 gm.; liver, weight 
1910 gm., fatty, many large hemorrhage necroses; uterus contained 
a fetus weighing 840 gm. 

The kidneys weighed 190 and 185 gm. respectively. The external 
surfaces were smooth, the cortices pale with a yellowish tint. 

Microscopically the glomeruli are enlarged and anemic. There is 
a very marked narrowing of the capillaries produced by thickening 
of the capillary basement membrane. 

Case 8. (26-965) Multipara. 40 years of age. Under observation during 
the latter part of her pregnancy. Her blood pressure was elevated, as high as 
150 mm. Hg. at one time, and there was albumin in the urine. Labor started 
suddenly on Nov. 5, 1926, and the baby was bom on the way to the hospital. 
The placenta was delivered in the hospital shortly after admission, at about 
4 p.M. At 7 p.ii., November 5, she began to complain of abdominal pain and 
backache. About 9 p.m. she vomited imdigested food and was very restless and 
imcomfortable. At 11 p.m. she complained of severe pain in the chest and 
dyspnea. At 11:30 p.m. muscular twitchings and rigidity of the muscles of the 
face were noted. There were four such attacks, each of which lasted about 
thirty seconds. These attacks were followed by severe convulsions and coma. 
Systolic blood pressure at this time was 220 mm. Hg. At 6 a.m. November 6, 
she seemed conscious at intervals. Systolic blood pressiue 135 mm. Hg, Ten 
ounces of urine removed by catheter at noon, November 6, showed albumin 
ri—b-b, many casts and erythrocytes. About 2 p.m. November 6, she went 
into coma again. Systolic blood pressure 200 mm. Hg. Death in coma 7:30 A.M,, 
Nov. 7, 1926. 

Posimortom Report: No edema; no jaundice; no excess of fluid in 



RENAL LESIONS IN TOXEMIAS OF PREGNANCY 


II 


the serous cavities except the pericardial, which contained 150 cc.; 
heart not enlarged; liver, extensive subcapsular hemorrhages. 

The Iddneys showed smooth external surfaces and cloudy cortices. 

Microscopically the glomeruli are enlarged. There is a marked 
narrowing of the glomerular capillaries produced chiefly by thicken- 
ing of the capillary basement membrane. There is a slight increase 
of endothelial cells. 

Case 9. (28-383) Gravida I. 18 years of age. AcMtted March ii, 1928, near 
full term. No s3Tnptoms until March 10, 1928, when she complained of epi- 
gastric pain. On this date her systolic blood pressure was 170 mm. Hg., and 
the urine showed a large amount of albumin. On March ii, labor pains began. 
On March 12, noon, blood pressure 188/120; heavy albuminuria and casts. 
Labor began in the early afternoon. One convulsion at 6 p.m., and another 
at 8 p.M. Forceps ddiver^’’ of dead infant. Death at 10:15 thirty minutes 
after completion of labor. 

Postmortem Report: Moderate edema of legs and labia; no fluid 
in serous cavities; heart, weight 300 gm.; liver, weight 2150 gm., 
numerous small hemorrhagic necroses. 

Each kidney weighed 150 gm. The external surfaces were smooth, 
the cortices soft and cloudy. 

Microscopically the glomeruli are enlarged and anemic. The 
narrowing of the capillaries is due to a marked thickening of the 
capillary basement membrane. 

Case 10, (28-526) Gravida I. 38 years of age. Admitted April 12, 1928. 
Well until April 12, 4 a.m., when she suddenly developed a convulsion. No 
examination before this date. A catheterized specimen of urine boiled solid. 
Nine convulsions before admission. In coma when admitted. Pregnancy esti- 
mated at seventh month, slight edema, cervix moderately dilated. Blood pres- 
sure 200/80; one convulsion shortly after entrance to hospital. Blood pressure 
fell to 125/80. Urine: large amount of albmnin and many casts. Hemoglobin 
85 per cent; erythrocytes 4,200,000; leucocytes 16,800. Blood mrea nitrogen 
17.7 mg. On April 13, blood pressure could not be obtained, but after stimula- 
tion it rose to 230/1 10, Vorhees bag inserted. Dead fetus delivered spontane- 
ously at 9 P.M. Partial recovery of consciousness. April 14, marked oliguria, 
rapid fall of blood pressiure. Death April 14, 1926. 

Postmortem Report: Achondrodysplasia; no edema; 750 cc. of 
ascitic fluid; heart, weight 220 gm.; terminal bronchopneumonia; 
hver, weight 1725 gm., fatty, multiple hemorrhagic necroses. 

The kidneys weighed 140 gm. each. The external surfaces were 
smooth, the cortices cloudy. 

Microscopically the glomeruli show narrow capillaries and very 
little blood. The narrowing is due chiefly to thickening of the capil- 
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lary basement membrane, but there is some increase of endothelial 
cells. 

Case ii. (28-533) Gravida 1 . 25 years of age. Always in excellent health. 
Confinement expected April 20, 1928. Under constant observation during prcg- 
nancy, and nothing abnormal found until April 12, when routine urine examina- 
tion revealed a moderate albuminuria. On this date no casts were found, and 
the systolic blood pressure was 120 mm. Hg. The patient was put to bed on a 
restricted diet. April 14, heavy albuminuria; puffiness about the eyes. On 
April 15, a severe headache developed and she was taken to a hospital. The 
first convulsion developed shortly after admission. Blood pressure 160 mm. 
Hg. systolic. There were five more convulsions within the next twenty-four 
hours, in spite of large doses of sedatives. Caesarian section was performed at 
10:30 A.M., April 16. Living child. Mother never regained consciousness. 
Death 6:20 A.M., April 17, 1928. 

Postmortem Report: No edema; 500 cc. of blood-tinged perito- 
neal fluid; 1000 cc. of clear fluid in each pleural cavity and 500 cc. in 
the pericardial cavity; marked edema of the lungs; distention of the 
stomach; heart, weight 350 gm.; no hemorrhages or necroses in the 
liver, cloudy swelling. 

The kidneys weighed 200 gm. and 175 gm. respectively. The ex- 
ternal surfaces were smooth. On section the cortices were cloudy 
and pale. 

Microscopically, the glomeruli are slightly enlarged and anemic. 
There is a marked increase of endothelial nuclei in the glomerular 
capillaries which is the chief cause of the narrowing (Fig. 6). How- 
ever, in some loops the thickening of the basement membrane is the 
main cause of the reduced caliber of the capillaries. 

This lesion bears a striking resemblance to acute glomerulone- 
phritis, but there are very few intracapillary fibers, no leucocytes, 
and no epithelial crescents. 

Case 12. (28-1228) Gravida VII. 39 years of age. According to her hus- 
band’s statement, she had been fairly well diuring this pregnancy, except for 
occasional headaches. When he left home in the morning she said that she did 
not feel well. When he returned from work that evening he foimd her uncon- 
scious. A little later there was a predpitate spontaneous delivery of a dead 
infant. ^ About eighteen hours after labor she was brought to the hospital. Upon 
admission she was in deep coma. Death occurred about ten minutes after ad- 
mission. 

Postmortem Report: Slight edema of legs; no jaundice; 500 cc. of 
clear fluid in the right pleural cavity; heart, weight 420 gm.; edema 
of right lung; liver, weight 2950 gm., fatty, numerous hemorrhagic 
necroses on section; no endometritis. 
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Kidneys weighed 200 and 205 gm. respectively. The external 
surfaces were smooth, the cortices cloudy. 

Microscopically the glomeruli are moderately enlarged, and their 
capillaries are markedly narrowed. There is a marked thickening 
of the capillary basement membrane and some increase of endo- 
thelial cells. The changes are due chiefly to thickening of the base- 
ment membrane. 

Case 13. (30-318) 28 years of age. Confinement expected March 22, 1930. 
She had been imder the constant care of a physician since Sept. 6 , 1929. Nu- 
merous readings showed a range of the systolic blood pressure from 124 to 138 
mm. Hg. Thelastreading, on February 21, was 138/80. Many examinations of 
the urine had been made, and occasionally a trace of albmnin was foimd, but 
there w'as no albumin at the last test on February 21. She was visiting with 
friends on the evening of February 27, and was apparently well, but was foimd 
dead on Feb. 28, 1930. 

Postmortem Report: No edema; no jaundice; the tongue was pro- 
truding and caught between the teeth; no excess of fluid in the serous 
cavities; heart, weight 355 gm.; liver, weight 1950 gm., fatty, nu- 
merous hemorrhagic necroses; 44 cm. fetus in the uterus; postmor- 
tem urine specimen showed abundant albumin. 

The kidneys weighed 145 and 120 gm. respectively. The external 
surfaces were smooth, the cortices cloudy. 

Microscopically, the glomeruli are slightly enlarged and the 
glomerular capillaries are very small. The narrowing of the capil- 
laries is caused by a marked thickening of the capillary basement 
membrane. 

Case 14.* (31-476) Gravida 1 . 18 years of age. When first examined,, 
June 21, the patient was at full term and labor had begun. There was moderate- 
edema of the lower extremities, and the blood pressure was 150/100.^ No head- 
ache, nausea, or other toxic symptoms. The urine showed albumin -f-+ 4 -. 
She was put to bed under treatment. At 4- 3° June 21, she had a convul- 

sion. Sedatives were administered. At 6 A.M., June 22, a second convulsion 
occurred. She became semiconscious, blood pressure 150/95- She had another 
convulsion during the forenoon. At 3 p.m. the cervix was fully dilated. A 
full term stillborn infant was delivered with low forceps. June 23, somewhat, 
stuporous; deepening jaimdice; edema slightly more pronounced; pulse 100;. 
temperature 99 to 100° F. Glucose was given intravenously as on the previous 
day. Alkaline reserve 53. Hemoglobin 60 per cent. The urine, by cathete^ 
showed albumin -f sugar, a few red ceUs, no casts, no acetone. Blood ' 
pressure 148/98. The total fluid intake from 7 A.m. June 23 to 7 a.m. June 24 

* This case was made available through the courtesy of Dr. Warren C. Hunter, of 
Portland, Oregon. 
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was 2220 cc,, and the total output of urine during this twenty-four hour period 
was 295 cc. 

June 24, the patient seemed improved. There was very little stupor. Edema 
and jaundice unchanged. Blood pressure 148/98 to 152/64- Therapy; glucose, 
sodium bicarbonate, diuretin. Fluid intake 4680 cc. ; urine 330 cc. ; albumin -f-f . 

Jxme 25, fluid intake 7100 cc.; urine 220 cc. Blood pressure 148/60, Tem- 
perature 101.6° F.; pulse 120. 

June 26. Therapy: glucose; alkali discontinued since alkali reserve had risen 
to 140. Fluid intake 4600 cc.; urine 100 cc. 

June 27, One hour after administration of glucose the blood sugar was 
413 mg., and the alkali reserve 147. Insulin was given. Temperature 103.8° F.; 
pulse 120. Fluid intake 1740 cc.; urine 66 cc. The patient gradually became 
weaker and died at 4 A.M., Jime 28. 

Postmortem Report: Severe jaundice; slight pitting edema of the 
ankles; ascites, 3000 cc.; marked bilateral hydrothorax; atelectasis 
of lungs; heart, weight 280 gm., no gross disease; liver, weight 
2010 gm., numerous areas of hemorrhagic and anemic necrosis, 
fatty; cystitis; no endometritis. 

The combined weight of the kidneys was 480 gm. The external 
surfaces were smooth. On section the cortices were pale and moist. 

Microscopically the glomeruli are all moderately enlarged and 
anemic. There is a striking increase in the thickness of the capillary 
basement membrane (Fig. 5). The endothelial nuclei are not defi- 
nitely increased in number. No fat is demonstrable in sections 
stained with Sudan III. 

Anatomical Changes in Eclampsia 

The Liver: A comprehensive review of the changes in the liver in 
eclampsia may be found in Fahr’s article in Hinsehnann’s mono- 
graph. Only a brief summary need be given here, since this paper 
deals primarily with the renal lesions only. Degenerative lesions of 
some type are found in the liver almost constantly. The character- 
istic gross lesions are irregular areas of hemorrhage associated with 
necrosis or atrophy of the liver cords (hemorrhagic necrosis) and 
small areas of anemic necrosis. These macroscopic lesions are found 
only in eclampsia, and a diagnosis of eclampsia may be made on 
their presence, even in the absence of clinical signs of eclampsia. 
However, macroscopic necrotic lesions are not always present. 
Many writers report them absent in a notable percentage. In 2 of 
our 14 cases, no gross necroses were found. However, when a thor- 
ough microscopic examination is made, as has been emphasized by 
Lubarsch, Schmorl, and Fahr, necrosis and degeneration of the liver 
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cords are seldom entirely absent. Cloudy swelling and fatty degen- 
eration of the hepatic cords are also found frequently. Fibrin 
thrombi in the small branches of the portal vein and areas of capil- 
lar}’- ectasia vitli atrophy of the enclosed hepatic cords are com- 
monly present. Thrombosis of small vessels seems sufficient to 
account for the areas of necrosis and hemorrhage, but the diffuse 
injury of the hepatic cells is best explained as the effect of a circu- 
lating toxic substance. 

The Kidneys: The kidneys are affected in practically all cases of 
eclampsia. There are occasional reports in the literature in which 
■the kidneys are described as normal. Seven out of 368 cases re- 
viewed by Prutz, 1897, were considered normal. Fahr is inclined 
to doubt reports of normal kidneys in eclampsia, and it is e-vddent 
that no such report should be accepted unless a careful macro- 
scopic and microscopic examination has been made. However, in 
■view of the rare instances of eclampsia without albuminuria, it 
seems possible that the kidneys may escape injury in exceptional 
instances. 

The macroscopic changes are constant and easily recognized. 
Aside from the rare cortical necroses, which will be discussed sepa- 
rately, the only change is cloudy swelling. The kidneys are usually 
slightly enlarged and their external surfaces are smooth. On section 
the cortices are pale and cloudy and occasionally a yello-wish tinge 
is noted. There is some variation in the intensity of the cloudy 
swelling in different instances. The macroscopic changes are there- 
fore not pathognomonic of eclampsia, the same lesion being found 
in a large number of toxic and infectious processes. 

On microscopic examination the tubules show the changes char- 
acteristic of cloudy swelling. The cells of the secreting tubules are 
usually somewhat swollen and often they contain small fat droplets. 
In the Imnina of the tubules, casts and precipitated albumin are 
usually observed. Fahr emphasizes the importance of hemoglobin 
in the casts. In the more severe injuries there may be some e-vidence 
of necrosis and degeneration of some of the tubular epithelium. The 
tubular lesion is likewise not peculiar to eclampsia. It is the typical 
effect of toxins or toxic substances in the circulating blood, but it 
may also result from anemia caused by spasm of the renal arteries. 

The Glomendar Lesions: Pels-Leusden, 1895, recognized clearly 
that the glomeruli are especially involved in eclampsia. It is true 
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that he regarded the lesion as acute glomerulonephritis, but he 
noted that the glomeruli are enlarged and pale and contain only a 
little blood. 

Schmorl, 1902, described hyaline thromboses in the glomerular 
capillaries. Fahr pointed out later that this lesion occurs only in- 
frequently. It was not found in any of our cases. Schmorl disagreed 
with the prevalent view at that time that the eclamptic kidney in- 
dicates glomerulonephritis. 

Lohlein, 1918, gave the first concise and accurate description of 
the characteristic glomerular lesion in eclampsia. He noted tMcken- 
ing of the walls of the glomerular capillaries, decrease of erythro- 
cytes, swelling of the glomerular epithelium and a slight increase of 
intracapillary cells. He stated that the lesion suggests glomerulo- 
nephritis but is different. Lohlein did not accept “nephrosis” as an 
entity, and it is not clear whether he regarded this glomerular change 
as degenerative or infiammatory. 

Fahr, 1920 and 1924, has given accurate descriptions and illus- 
trations of the glomeruli in eclampsia. He described thickening of 
the capillary walls with clumping and fusion of the loops, and even- 
tually hyalinization of some of the tufts. No increase of glomerular 
nuclei was found as a rule, but there were some exceptions. Fahr 
considers this glomerular lesion peculiar to eclampsia, and calls it a 
glomerulonephrosis. He interprets it as a degenerative change and 
believes that it is best explained by the toxic theory of eclampsia. 

Pohl, 1927, noted the enlargement of the glomeruli, but did not 
comment upon their structure. 

My own observations are in almost full accord with those of 
Lohlein and Fahr, but I have succeeded in showing the structural 
changes in the glomeruli in greater detail by means of a special stain. 
In sections stained with hematoxylin and eosin, the glomeruli at- 
tract attention by reason of their slightly hyaline appearance and 
their small empty capillaries (Fig. 1). The increase in size is usually 
only moderate, but sometimes quite pronounced. As a rule there is 
no increase in the number of nuclei, but in some kidneys a definite 
increase is observed. Under high magnification a marked thickening 
of the walls of the capillaries is readily seen, as has been described 
by Lohlein and Fahr. No capillary thrombi were found in any of 
my cases. 

The detailed structure of the glomerulus is brought out in a re- 
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markable way by the azo-carmine stain. The technique of this stain 
has been published by McGregor, and the reader is referred to her 
articles for its application to the normal glomerulus and glomerulo- 
nephritis. The great advantage of this stain is that it demonstrates 
the capillary basement membrane sharply and affords an easy dis- 
tinction between endothelial and epithelial cells. The endothelial 
cells lie on the inner surface of the membrane, and the glomerular 
epithelial cells on its outer surface. 

Wffien the azo-carmine stain is applied to the glomerulus in 
eclampsia, it is easily seen that the thickening of the capillary wall 
is due, almost entirely, to a massive thickening of the capillary 
basement membrane (Fig. 5). The glomerular epithelial cells are 
only slightly altered. Occasionally they contain fine droplets of 
fat or hyaline granules, but they show no evidence of proliferation. 
As a rule the endothelial nuclei are slightly increased in number. 
The narrowing of the lumina of the capillaries is evidently due, 
usually, to thickening of the capillary basement membrane. The 
capillaries are rarely completely obstructed, but in some tufts their 
thickened walls are in contact and they seem to be totally occluded. 
Capillaries of this type appear hyaline in hematoxylin-eosin prepa- 
rations. 

The degree of thickening of the capillary basement membrane is 
fairly uniform in all the capillaries of aU the glomeruli in each indi- 
vidual case, but it varies in different cases. In the 17 cases which 
showed thickening of the basement membrane, it was moderately 
thickened in 2 and markedly so in 15. 

The thickened basement membrane is not a homogeneous struc- 
ture. It is composed of parallel layers (Fig. 5). The thickening 
cannot be interpreted as a simple swelling (edema). It must repre- 
sent an increase of substance in the membrane. There is no ana- 
tomical explanation of its increased permeability. 

In 3 cases the increase of endothelial nuclei is striking (Fig. 6), 
and a definite but moderate increase was noted in 2 others. The 
endothelial nuclei lie on the inner surface of the basement mem- 
brane, and are easily distinguished from the epithelial cells. Where 
the endothelial nuclei are notably increased, the thickening of the 
basement membrane is correspondingly less pronounced. 

Fahr thinks it possible that the endothelial increase is due to a 
complicating infectious process, and not to eclampsia per se. How- 
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ever, if a toxic substance is concerned in eclampsia there is no sound 
reason for believing that it cannot cause an increase of glomerular 
endothelium. Hyperplasia of the glomerular endothelium is by no 
means limited to clinical glomerulonephritis, but is found in varying 
degree in a wide variety of infectious processes. 

There are, however, striking differences between the eclamptic 
glomerulus and clinical acute glomerulonephritis, even when the 
former shows a notable increase of endothelial nuclei. The glomeruli 
in eclampsia are smaller, the basement membrane is much thicker, 
there are no polymorphonuclear leucocytes, no intracapUlary fibers 
and no epithelial crescents. In glomerulonephritis there is much 
more cytoplasm about the endothelial nuclei. The two types of 
glomeruli may be distinguished without difficulty. 

Fahr mentions small patches of hyaline degeneration in the affer- 
ent glomerular arterioles as an occasional finding. In 2 of my cases 
a slight arteriolar sclerosis was found. 

Symmetrical 'Necrosis of the Cortex of the Kidneys: The first case 
of this kind was described by Bradford and Lawrence in 1898, and 
since that time 17 similar cases have been reported: Schuppel, 1904; 
Lloyd, 1906; Griffith and Herringham, 1906; Klotz, 1908; Jardine 
and Teacher, 1911, 2 cases; Torrens, 1911; Jardine and Kennedy, 
1913, 3 cases; Herzog, 1913; RoUeston, 1913; Gl3mn and Briggs, 
1914-1915; Jardine and Kennedy, 1920; Cruickshank, 1923; Geipel, 
1925; and Carson and Rockwood, 1926. Poten’s case, 1906, prob- 
ably belongs to this group. 

The outstanding clinical features are preeclamptic symptoms with 
or without convulsions, followed by severe oliguria or complete 
anuria, and ending in death within a few days. Ten of the reported 
cases were in multiparae, and 6 in primiparae. Age seems to be of 
no significance. In 8 cases no convulsions are mentioned, an unusu- 
ally large proportion of “ eclampsia without convulsions.” However, 
definite preeclamptic symptoms are described in every instance. 
The stage of gestation varies from three and a half months to full 
term. Typical uremic symptoms are commonly absent. The scanty 
urine contains blood, albumin and casts. 

Macroscopic necrosis of the liver was noted in 3 cases. In 6 cases 
it is clearly stated that no macroscopic necrosis was present, but in 
3 of these the liver was fatty. The frequent absence of convulsions 
and typical necrosis of the liver raises a doubt as to whether this 
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group should be classified as eclampsia. They are truly not all 
typical eclampsia, but they may at least be grouped with pre- 
eclampsia on the basis of the clinical S5Tnptoms. 

The kidneys in every case are similar. There is an almost com- 
plete necrosis of the cortices of both kidneys. There is thrombosis 
of the interlobular arteries and usually of the vasa afferentia also. 
Sometimes the thrombosis extends into the glomerular capillaries. 
The large branches of the renal arteries are free from thrombi. The 
prevailing opinion is that the thrombosis is primary and that the 
necrosis results from infarction. This interpretation is strongly 
supported by the finding of a thin layer of living cortex immediately 
under the capsule which is supplied by anastomoses with capsular 
arteries. Preexisting disease of the renal arteries is described in 
some cases, but this is inconstant and apparently unrelated to the 
thrombosis. The cause of the thrombosis is not known, but it is best 
explained as a result of a toxic substance or a coagulant in the circu- 
lating blood. 


2. Eclalipsia vtthout Convulsions 

This group includes fatal toxemias, usually with some preeclamp- 
tic symptoms, but mthout convulsions. The diagnosis is established 
by the finding of typical necrosis of the liver at postmortem. 

Ordinarily there is not much justification for this subgroup of 
eclampsia. Cases are frequently reported in which only one con- 
vulsion occurred (see Case 4) ; and others are reported where mus- 
cular twitchings but not true convulsions were present. The follow- 
ing protocol records a case wliich differs clinically in no way from 
typical eclampsia, except in the absence of convulsions. 

Case 15. (30-1395) Para n. Negress, 37 years of age. Admitted Sept. 15, 
1930, about seven months pregnant. Moderate nausea and vomiting during 
first three months. No symptoms after the third month until the day of ad- 
mission, when she began to vomit. No visual disturbance. About six weeks 
before admission a physician took her blood pressure and told her it was high. 
September 15, blood pressure 266/180; slight edema of lower extremities. Sep- 
tember 16, coma; blood pressure 170/80. Urine: large amount of albumin, 
large number of erythrocytes (gross hematuria), specific gravity 1020, Blood 
urea nitrogen 33 mg.; creatinin 3.3 mg. The eyegrounds showed some old and 
some recent hemorrhages, and some edema of the disc. Temperature, 104° F. 
No convulsions. Death Sept. 16, 1930. 

Postmortem Report: Moderate edema of the lower extremities; 
no jaundice; a Httle excess of fluid in the serous cavities; heart, 
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weight 306 gm. ; bilateral bronchopneumonia; liver, weight 1384 gm., 
fatty, many areas of hemorrhagic necrosis; uterus contained a 
37 cm. fetus. 

The kidneys weighed 180 and 164 gm, respectively. The external 
surfaces were smooth. The cortices were pale with a yellowish 
tinge. 

Microscopically the glomeruli are enlarged and anemic. Small 
patches of hyalin are seen in the arterioles and glomeruli. There is 
a very marked narrowing of the glomerular capillaries produced by 
thickening of the capillary basement membrane. There is a slight 
increase of endothelial cells. 

It may be contended that this is an instance of pregnancy in a 
woman with primary hypertension, since there is a slight renal 
arteriolar sclerosis, but the presence of hemorrhagic necroses in the 
liver establishes the disease as eclampsia. Primary h3rpertension as 
a complicating influence cannot be excluded. 

The following case is, in all probability, eclampsia, although con- 
vulsions and necrosis of the liver are both absent. 

Case 16. (30-1760) Gravida 1. Last menstrual period March i, 1930. 
May, 1930, a trace of albumin was found in the urine. August, 1930, trace of 
albmnin in the urine, no other signs of toxemia; blood pressure 118/70. In the 
next two months there was a steady increase of albumin. November 18, al- 
bumin +++) a few casts and erythrocytes; blood pressure 170/108. Novem- 
ber 25 labor was induced, but the patient died undelivered. There were no 
convulsions. 

Postmortem Report: Edema of one leg; no excess fluid in the serous 
cavities; heart, weight 350 gm., acute rheumatic mitral endocarditis; 
liver, weight 2665 gm., cloudy swelling, no necroses; twin pregnancy, 
each fetus 47 cm. long. 

The kidneys weighed together 400 gm. The external surfaces 
were smooth. The cortices were pale and cloudy on section. 

Microscopically the glomeruli are definitely enlarged, and they 
contain practically no blood. There are no epithelial crescents. 
The greater number of glomeruli show only a little endothelial in- 
crease, but in a great many the increase of endothelial cells is very 
prominent. There is a striking thickening of the capillary basement 
membrane in all the glomeruli, such as is shown in Fig. 5, a lesion 
which is characteristic of eclampsia and not of glomerulonephritis. 
A few glomeruli show intracapillary fibers. 
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In \ncw of tlie infection which was present, namely, rheumatic 
endocarditis, the endothelial increase and the intracapillary fibers 
may be interpreted as a result of infection superimposed on an 
eclamptic kidney. It cannot be considered as acute glomerulone- 
phritis complicating prcgfiancy, since the lesions are chiefly of the 
eclamptic type. 

The two preceding eases arc easily recognized clinically as belong- 
ing to the eclamptic group, but much more atypical cases are on 
record. 

Schmorl, 1902, called attention to a U^ie of toxemia which differs 
sharply clinically from typical eclampsia, and is only recognized 
with certainty as eclampsia by the finding of necrosis of the liver at 
postmortem. It is convenient to designate this group as “eclampsia 
without convulsions” or “at3q3ical eclampsia.” Over 40 cases of 
this tj-pc liavc been reported. The literature on this topic will not 
be reviewed here. The reader is referred to the papers of Schmorl, 
Schmid, Ranzel, Licbmann, Pohl, Bock, and Wronski. 

The attack may develop before, during, or after labor. Usually 
there arc some warning preeclamptic s}miptoms, but sometimes the 
patient sinks into coma or circulatory collapse without any previous 
signs of toxemia. In the complete absence of preeclamptic symp- 
toms, the diagnosis can hardly be established ante mortem. Al- 
bumin may be absent until shortly before death. The blood pressure 
tends to fall. 

The disease is recognized as eclampsia by the finding of the tjpical 
necroses of the liver. In some of tlic most atypical cases there is also 
a large intracranial hemorrhage. 

The kidneys in atjpical eclampsia have not been studied in detail 
microscopically. The reports indicate that the same macroscopic 
changes arc present as in typical eclampsia. 

It is to be noted that bilateral symmetrical necrosis of the cortex 
of the kidneys gives rise to an atypical clinical form of eclampsia. 

3, Preeclampsia 

Preeclampsia is characterized by the presence of the symptoms 
and signs which usually precede the eclamptic convulsion. The 
most important of these are hypertension, albuminuria, visual dis- 
turbances, edema, headache, nausea and vomiting, vertigo, and so 
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on. The individual symptoms and signs vary greatly in their prom- 
inence in different cases. When severe visual disturbances are 
present there is great danger that convulsions will develop. Mod- 
erate edema without other preeclamptic symptoms is not of serious 
significance, and is probably not a true preeclamptic sign. 

Preedampsia recurs oftener in subsequent pregnancies than typi- 
cal eclampsia, and recovery from severe preeclampsia is apparently 
more prolonged. 

The clinical phenomena indicate that the same type of lesion is 
present in preeclampsia as in t3q)ical eclampsia, although it is pre- 
sumably less severe. Heynemann described a case of preeclampsia 
in which death was due to premature separation of the placenta. 
The characteristic changes were present in the liver and kidneys. 
Even the typical glomerular lesions were found. Heynemann states 
that 6 similar cases have been reported. This would seem to estab- 
lish the essential identity of eclampsia and preeclampsia. Cases 15 
and 16 might well be classified as preeclampsia rather than as. 
edampsia without convulsions. 

Changes in the Kidneys Subsequent to an Attack of Eclampsia 

What permanent damage, if any, does eclampsia produce in the 
kidneys? Is the acute glomerular lesion reversible or does it lead to- 
partial or complete obliteration of glomeruli with atrophy of their 
corresponding tubules? Does a clinical chronic renal disease result 
from eclampsia; and, if so, what are its characteristic features? 
These are some of the questions to which we shall now direct our 
inquiry. 

A number of clinical reports deal with the question of chronic, 
renal disease following edampsia. Leyden, 1886, reports one case 
of chronic nephritis following eclampsia. The woman was said to. 
have been well before pregnancy, but apparently no study was made 
with respect to the presence of latent renal disease. The postmortem 
revealed contracted kidneys. 

Koblanck, 1894, reexamined 77 women who had had eclampsia 
(time of recheck not given) : 59.7 per cent had no albumin; 16.9 per 
cent had a transitory trace of albumin; 15.4 per cent had catarrh of 
the urinary tract; and 6.5 per cent (5 cases) had nephritis. No. 
details of the nephritis were given. 
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l^Ieyer-Wirz, 1904, obsen^ed 35 postmortems in instances of 
eclampsia, and found 3 with chronic indurated kidneys. He also 
found that the great majority of edamptics were free from albumin 
on dismissal from the hospital, but he mentioned 9 cases in which 
albumin was still present. 

Zangemeister, 1913, found that a dironic nephritis remained in 
7 per cent of edamptics. He thought that the majority of these 
developed from the eclamptic kidney and not from a previous 
dironic nephritis. 

Baisch, 1913, traced no women who had had an attadc of edamp- 
sia (60 cases) or severe preedamptic symptoms (50 cases). Of these 
no patients, 9 were dead, and n were permanent invalids. Only 
40 per cent were entirely well. No information is given as to the 
cause of death or invalidism. No evidence of renal disease was pre- 
sented. 

Wolff and Zade, 1914, found 2 out of 23 edamptics, whom they re- 
examined some years later, with evidence of chronic nephritis. The 
first patient had no albumin on dismissal, and when reexamined 
had hypertension without albumin. The second had no albumin on 
dismissal, and on reexamination had hypertension, 200/120, and a 
trace of albumin. Tw'o of seven preedamptics had similar evidence 
of a chronic nephritis on reexamination. These cases can hardly be 
accepted as proof that a chronic nephritis may develop from the 
edamptic kidney, but such an interpretation is possible. They may 
represent instances of primary hypertension developing independ- 
ently of edampsia. 

Sachs, 1918, foimd 81 of 87 edamptics entirely well on reexamina- 
tion some years later. Four were dead (one from a recurrent eclamp- 
sia, three from intercurrent disease). Two showed signs of chronic 
nephritis. 

Hiissy, 1921, doubts the transition of the edamptic kidney into 
chronic nephritis. He did not see any instance of this in his ex- 
perience. 

Breuning, 1924, in a report of 88 cases of eclampsia, states that 
88 per cent of those who survived were free from albumin when dis- 
missed from the hospital, 

Heynemann, 1924, gives a full account of the results of reexami- 
nation of 45 patients who had eclampsia and 7 who had pronounced 
preedamptic symptoms. His paper should be consulted for the 
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detailed findings in each case. He concludes that not infrequently 
there is evidence of renal injury not only on dismissal hut on later re- 
examination. This is indicated by the presence of albuminuria or 
hypertension, or both. He interprets these findings in most instances 
as evidence of delayed healing, but thinks that the cases with hyper- 
tension only may be due to disease of arterioles and capillaries re- 
sulting from eclampsia. He finds no convincing evidence in his 
experience that chronic renal disease results from eclampsia. Pa- 
tients with pronounced preeclamptic symptoms show slower healing 
than those with eclampsia. 

Fahr, 1924, in the light of his pathological studies, expresses the 
opinion that it is possible for the eclamptic kidney to give rise to 
chronic renal disease. 

Zondek and Jacobowitz, 1924, reexamined 38 patients who had 
had eclampsia or preeclampsia, one to seven years later. There was 
one case of chronic nephritis which they believe was present before 
the attack of eclampsia. In a few cases there was evidence of a slight 
renal disturbance. They conclude that it is possible that eclampsia 
^ves rise to chronic nephritis, but it must be very rare. 

Doderlein, 1925, reexamined 26 patients eight months to fifteen 
years after eclampsia and 16 were entirely normal. Slight albumin- 
uria with normal kidney function was present in 3 patients and 7 
showed albumin and casts, with some evidence of decreased renal 
function, which he interprets as indicating a chronic nephrosis re- 
sulting from eclampsia. 

Bund, 1925, partly by correspondence, followed 39 patients who 
had eclampsia. Four had chronic nephritis which he attributed to 
eclampsia. 

Nevermann, 1927, reexamined 60 patients, one to twenty-three 
years after eclampsia. Thirty-seven were studied more than ten 
years after the attack. Twenty-seven were entirely normal. The 
others had various complaints such as headache, poor memory, vis- 
ual disturbances and edema of the legs. Eight women had h3q5erten- 
sion (systohc pressure 140 to 170 mm. Hg.). Three had albumin and 
casts; (a) one year after eclampsia, trace of albumin, blood pressure 
1 18 mm. Hg.; (&) eclampsia in 1903 and again in 1905, albuminuria 
on dismissal each time, since 1905 seven abortions and premature 
labors; in 1925, blood pressure 170 mm. Hg., large amount of al- 
bumin; (c) eclampsia in 1921, mild preeclampsia with abortion in 
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1925 (albumin), normal in 1926. There was only one patient with a 
persistent renal lesion. Nevermann believes that chronic nephritis 
rarely, if ever, develops from eclampsia. 

Peckham, 1929, found 17 (23 per cent) of 77 women with chronic 
nephritis on reexamination one year after eclampsia. Nephritis de- 
veloped somewhat oftener in those who were albumin-free at the end 
of three weeks than in those who had albuminuria at that time. 
Peckham does not explain the criteria on which his diagnosis of 
chronic nephritis is based. 

Schmechel, 1929, in a large experience with eclampsia, knew of 
only one patient who developed chronic renal disease. He thought 
that this patient probably had renal disease before pregnancy. 

Kobes, 1930, found that 19 of 32 eclamptics had albuminuria at 
the end of the third week after the attack. Reexamination of these 
32 women from three to eighty-five months later showed only 3 with 
albuminuria (four months, seven months, ten months later). 

Fourteen of 19 preeclamptics had abnormal urine when reex- 
amined, but 13 of these had a history of renal disease prior to preg- 
nancy. Two women had evidence of contracted kidney. Kobes was 
imable to decide whether or not eclampsia causes chronic renal 
disease. 

Seitz, 1930, found 78 eclamptics all entirely well at the end of 
eight weeks. The preeclamptics (27 in number) showed a little 
slower healing. A few were not normal after fourteen weeks. 

It is difficult to draw definite conclusions from the literature, since 
the experience of different observers has not been uniform. How- 
ever, it appears that evidence of mild renal injury is frequently found 
a long time after an attack of eclampsia. Whether or not the cases 
of definite chronic nephritis that follow eclampsia are the outcome 
of the eclamptic kidney cannot be decided. In order to establish 
such an origin for the nephritis, it must be sliown by careful ex- 
amination that nephritis was not present prior to the pregnancy. 
None of the reported cases of contracted kidneys were studied be- 
fore pregnancy. 

The clinical evidence indicates that the eclamptic kidney usually 
heals rapidly, but in some instances very slowly. There is a possi- 
bility that it may rarely pass into a definite chronic nephritis with 
contracted kidneys, but there is no convincing evidence that this 
occurs. 
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We may next inquire if there is any anatomical evidence of a 
permanent renal lesion resulting from the eclamptic kidney. Micro- 
scopic examination of kidneys from women who had eclampsia a long 
time previously should reveal permanent lesions if any are present, 
but apparently no such studies have been made. It will be interest- 
ing, therefore, to study in detail the old lesions in Case 3, in which 
there is a history of a previous attack of eclampsia seven years be- 
fore death. In the protocol (Case 3), the histological changes are 
fully described (see also Figs. 2, 3 and 4). It is clear that the acute 
lesions of eclampsia did not heal entirely in this instance. The capil- 
lary basement membrane thickened to the point of complete obliter- 
ation of groups of glomerular capillaries. Disuse atrophy of the 
tubule developed to a degree proportionate to the diminished capil- 
lary bed of its glomerulus. 

The clinical evidence in this case is lacking, but there is strong 
anatomical evidence of chronic renal disease resulting from eclamp- 
sia. It is quite diSerent from ordinary chronic glomerulonephritis 
in its pathogenesis, but the end result is obstruction of glomerular 
capillaries and tubular atrophy. It may be said, therefore, that 
chronic renal disease may result from the acute lesion of eclampsia, 
but it is a special type differing from the known forms of chronic 
renal disease in its structure and pathogenesis. On the basis of the 
anatomical structure, one would expect to find hypertension and 
renal insufficiency clinically. 

4. Hypebemesis Gravidarum: 

In general this form of toxemia is different from eclampsia, but 
cases occur which show some of the features of eclampsia, and 
raise a doubt whether these two forms of toxemia are entirely dis- 
tinct entities. 

The outstanding clinical feature of hyperemesis gravidarum is 
obstinate vomiting developing in early pregnancy, and the char- 
acteristic lesion found at postmortem is fatty degeneration of the 
liver. In some instances a severe anemia or a toxic myelitis dom- 
inates the clinical picture to such an extent that we seem to be deal- 
ing with a separate entity and not with hyperemesis gravidarmn. 

Two fairly typical cases of hyperemesis gravidarum are reported 
by Harbitz. The first case, a woman 25 years old, began to vomit in 
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tlic second montli. The vomiting became very severe, and she be- 
came almost blind. Death occurred in the third month, forty-eight 
hours after the uterus was emptied. The liver and kidneys were fatty. 
There were no necroses in tlie liver. The second case, a woman 
22 years old, vomited for three months and died in the fourtli month. 
The same lesions were found at postmortem as in the first case. 

The following four cases came under my observation: 

Cast. 17. (20-1213) Gravida I. 30 years of age. Admitted Aug, 14, 1929. 
About four months pregnant. Last menses in April. Vomiting more or less 
continuously since the latter part of hfay. Complains of vomiting, weakness 
and loss of weight. Blood pressure 100/70. No edema. Some mental disturb- 
ance. Slight icteric tint in tlie sclera. Moderate enlargement of the thyroid of 
two years' duration. Mcmoglobin 85 per cent; er3lhrocytes 4,060,000; leu- 
cocytes 0,330. DifTcrcnlial count normal. Urine showed sugar, acetone and 
diacetic acid, no albumin. Blood urea nitrogen 14 mg. No improvement under 
treatment. Vaginal hysterotomy and craniotomy. August 21, collapse. Death 
Aug. 22, 7929. 

Posfmoricm Report: Slight jaundice; no edema; no fluid in serous 
cavities; heart, weight 250 gm.; liver, weight 1150 gm., diffuse fatty 
metamorphosis; colloid goiter; no gross changes in pancreas. 

Kidneys weighed 140 and 145 gm. respectively. Slight dilatation 
of right peKns and ureter. No other gross changes. 

Microscopically the glomeruli show a normal structure. 

This is a tj'pical case of hypereraesis gra\ddarum, showing none 
of the features of eclampsia, and not complicated with anemia or 
toxic myelitis. The kidneys w’ere normal. The characteristic glo- 
merular lesion of eclampsia is absent. 

Case iS, (26-238) Gravida I. 20 years of age. About Dec. 25, 1925, she 
first developed nausea and vomiting. She became acutely 01 Jan. i, 1926, and 
has vomited almost continuously since that date whenever she attempted to 
eat. Admitted Feb. 2, 1926, three months pregnant at this time. The vomiting 
improved notably under treatment. The urine showed albumin, acetone and 
diacetic acid. Discharged February 26, much improved. Readmitted, March 2, 
complaining of a sore throat and disturbances of rision. Her vision was so im- 
paired that she could barely recognize faces. Hemorrhages were visible in the 
retinae. Blood pressure 114/80. Temperature ranged between 100 and 103° F. 
Pulse very rapid. Leucocytes 7,000. Blood urea nitrogen normal. Urine 
showed albumin. Deatli March 9, 1926. 

Postmortem Report: No edema; no jaundice; 200 cc, of blood- 
tinged ascitic fluid; heart, weight 220 gm., soft myocardium; liver, 
weight 1515 gm., very fatty, no hemorrhages or necroses; uterus 
contained a four months’ fetus; no endometritis. 
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Each kidney weighed 150 gm. The external surfaces were smooth. 
The cortices were very pale, and two small abscesses were found in 
the cortex of one kidney. There were many petechial hemorrhages, 
in the pelves. Microscopically the glomeruli are practically normal. 

In the foregoing case death was apparently due to bacteremia 
rather than to toxemia of pregnancy. The retinal hemorrhages with 
loss of vision suggest eclampsia, since this is a rare complication of a 
simple septicemia. There was no hypertension. The extreme fatty 
degeneration of the liver is to be referred to toxemia of pregnancy. 
The glomeruli do not show the distinctive lesion of eclampsia. 

Case 19. (28-197) Gravida 11 . 24 years of age. Admitted Jan. 28, 1928. 
First pregnancy three years ago terminated in abortion at three and a half 
months. Duration of this pregnancy about seven and a half months. Vomiting 
began during the third month of pregnancy. She would vomit after every meal. 
The vomiting then stopped for three months, but recurred in the sixth month. 
For the past six weeks she has retained practically nothing that was taken by" 
mouth. About two weeks before admission she developed difficulty in swallow- 
ing, which persisted. January 28, blood pressure 100/85. The urine on two 
examinations showed a faint trace of albumin, many hyaline casts, and a few 
erythrocytes. Hemoglobin 50 per cent. Erythrocytes 2,100,000, High color 
index. Blood smear showed moderate poikilocytosis and anisocytosis, no nucle- 
ated reds or polychromatophilia. Blood Wassermann negative. Blood urea 
nitrogen 17.8 mg. The vomiting was not relieved by treatment. On February 2^ 
she suddenly went into labor and a living child was born spontaneously. About 
six hours after labor she became dyspneic. There were no convulsions. Death 
11:3s A.M., Feb. 3, 1928. 

Postmortem Report: No edema; 100 cc. of clear fluid in the peri- 
cardial cavity, none in the other serous cavities; heart, weight 
ig8 gm. ; liver, weight 1445 gm., light brown color, no areas of ne- 
crosis, very little fat. 

The left kidney weighed 125 gm., the right no gm. Submucosal 
hemorrhages in the left pelvis. The external surfaces were smooth,, 
the cortices pale. 

Microscopically the glomeruli are moderately enlarged and 
anemic. There is a definite narrowing of the glomerular capillaries,, 
produced by a marked thickening of the capillary basement mem- 
brane. 

On clinical grounds this case may be interpreted as hyperemesis- 
gravidarum complicated by severe anemia. The t3T>ical liver lesion 
of hy^peremesis is, however, not present. There was only a faint 
trace of albumin in the urine, and there was no hypertension, but. 
the characteristic glomerular lesion of eclampsia is present. 
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Case 20. (30-3) Gravida VI. 30 years of age. Admitted Dec. 30, 1929. 
She was about four months pregnant, had been ill for two months, and con- 
fined to bed for seven weeks. For the past three days she had been delirious and 
semiconscious, and had had a fever. Since the early part of October she had 
been repeatedly passing catheters into the uterus in an attempt to produce 
abortion. There had been slight bleeding as a result of this instrumentation, 
but no pain. She had been seen by a private ph)^sician ten days before admis- 
sion. At that time she was excitable, but not imconscious, and had choreiform 
movements of the limbs. The systolic blood pressure was 155 mm. Hg., and the 
pulse 130. She had been vomiting after almost every attempt to eat or drink 
during the past sLx weeks, and there had been some vaginal bleeding. Five days 
before admission her temperatmre was 99° F. There had been no chills associ- 
ated with the illness. The urine at that time was negative except for a few pus 
cells. She had some difiiculty in moving her legs, and complained of severe pain 
when they were touched. She had had a curettement five years before, follow- 
ing a spontaneous abortion at five months. There was also an abortion two and 
a half years ago at four months. She had three living children aged 3, 5 and 
7 years. 

On admission the temperature was 99° F., and the pulse 145. Respirations 
28 per minute. She was semicomatose. There was a coloboma of the right eye, 
wili loss of vision. The left fimdus showed retinal hemorrhages and edema of 
the disc. Blood pressiure 142/94. Abdominal and knee reflexes absent. Babin- 
ski test negative. December 31, semicomatose; temperature 102° F.; rapid 
pulse; pale and dehydrated. She answered questions occasionally, but in a con- 
fused and delirious manner. No facial as}Tnmetry. Biceps and triceps reflexes 
were equal and normal. Abdominal, patellar, hamstring and Achilles reflexes 
were absent. She appeared to be using the diaphragm very little and was in- 
continent. She was able to raise her lower extremities to some extent. Muscles 
of the legs were very flaccid. Spinal puncture revealed a clear fluid imder 
normal pressure. Urine: December 30, faint trace of albumin, no sugar. De- 
cember 31, large amount of albumin and sugar and large numbers of erythro- 
cytes (catheterized specimen). Hemoglobin 65 per cent; erythrocytes 3,560,000; 
leucocytes 8,100 to 11,650; 80 per cent polymorphonu clears; 20 per cent lympho- 
cytes. January i, labored respirations; cyanosis; temperature 103 to 105 F.; 
death. 

Postmortem Report: Slight edema of the legs; no jaundice; no 
fluid in the serous cavities; heart, weight 285 gm.; liver, weight 
1625 gm., cloudy sweUing, no necroses; four months’ fetus in the 
uterus. 

The kidneys weighed together 280 gm. The external surfaces 
were smooth, the cortices cloudy. 

Microscopically the glomeruli show a normal structure. 

Microscopic studies of the spinal cord showed extensive degenera- 
tion and necrosis of the nerve cells (toxic myelitis) . 

The foregoing is an illustration of hyperemesis gravidarum in 
which toxic myehtis dominates the clinical picture. B erkwi tz has 
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described several cases of this type. The hypertension and eye- 
ground changes suggest a relationship to "clampsia, but the liver 
and Mdney lesions peculiar to eclampsia are not present. 

There seems to be some relationship between hyperemesis gravi- 
darum and eclampsia, but there is no convincing evidence at present 
that they are due to the same underl)dng disturbance. 

5. Pregnancy in Association with Preexisting 
Eenal Disease 

Eight cases have come under my observation in which it is reason- 
ably sure that chronic renal disease was present prior to pregnancy. 

Case 21. (21-219) 26 years of age. Admitted Jan. 31, 1921. Had smallpox 
at age of ii years. Frequent attacks of sore throat for many years. No history 
of scarlet fever or rheumatism. When she was 16 years old a physician told her 
she had kidney trouble. Has had headaches as long as she can remember. Her 
vision has been poor for years. Has noted slight pain about the heart for several 
years. At her first pregnancy in 1913, at the age of 18 years, she was comatose 
for four or five days and had convulsions. For this reason the pregnancy was 
terminated at the fifth month by therapeutic abortion. The second and third 
pregnancies ended in spontaneous abortion. The fourth pregnancy was termi- 
nated by therapeutic abortion in September, 1920. She has not menstruated 
since. 

During her stay in the hospital the blood pressure readings were; Jan. 31, 
1921, 176/140; a little later, 190/140; February 11, 122/90; February 26, 
206/164; March 3, 209/160; March 14, 196/120, There was a continuous low. 
fever. The urine was of low specific gravity, and contained a large amount of 
albumin. Blood urea nitrogen ranged from 89.9 to 115 mg. The phenolsulpho- 
nephthalein test was 5 per cent onFebruarj’ 9. Albmninuric retinitis was present. 
The leucocyte coimt varied from 25,000 to 32,000, 80 to 90 per cent polymor- 
phonuclears. Death May 15, 1921. 

Postmortem Report: No edema; one liter of thin purulent fluid 
in the left pleural cavity; heart, weight 375 gm., left ventricular 
hypertrophy; liver, no disease. 

The left kidney weighed 40 gm., and the right 25 gm. 

The microscopic structure is typical advanced chronic glomerulo- 
nephritis. No glomerular lesions resembling those of Case 3^ 

It might be argued in this instance that the chronic nephritis re- 
sulted from eclampsia in 1913, but there was evidence of nephritis 
before that time and the structure of the kidney is in no way differ- 
ent from typical glomerulonephritis. 

Case^ 22. (18-237) 22 years of age. Admitted Nov. 1, 1918, in coma. She 
was having convulsions every hour. She had been imder a physician’s care for 
three or four months. A diagnosis of nephritis had been made, and a therapeutic 
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abortion performed about two months before admission. Abdominal para- 
centesis had been performed repeatedly. During the period of hospital obser- 
vation there was a marked oliguria, and the urine contained a large amount of 
albumin, many casts and crj'throcytcs. The blood pressure was 200/120. 
Albuminuric retinitis was present. There was marked edema. She was in coma 
or semicomatose most of the time. On November 7, pericarditis was demon- 
strated. Blood urea was 33 mg. on November 8. Death Nov. 13, 1918. 

Posiviorlcm Report: Marked generalized edema; large amounts of 
thin purulent fluid in the peritoneal, pleural and pericardial cavities; 
heart, weight 300 gm., pericarditis only; liver, cloudy swelling; no 
infection in the uterus. 

The kidneys weighed 130 gm. each. The external surfaces were 
smooth, the cortices pale and fatty. 

IMicroscopically a t3T>ical chronic glomerulonephritis is present. 
There are numerous hyaline glomeruli vith completely atrophied 
tubules. There can be no doubt that nephritis antedated preg- 
nancy. 

Case 23. (23-267) 35 years of age. First seen April 17, 1923, complaining 
of weakness, dyspnea, palpitation, edema of tlie ankles and cough. No serious 
illness during childhood. Her first pregnancy resulted in a stillbirth at eight 
months. The second pregnanej’’ terminated in miscarriage at six months (a 
macerated fetus). The tliird pregnancy also resulted in miscarriage. In the 
fourth pregnancy she developed albuminuria and convulsions, and a stillborn 
fetus was delivered spontaneously at eight months. The fifth pregnancy in the 
spring of 1919 resulted in a living child. There were postpartiun hemorrhages 
at this labor. 

She dated her present illness from August, 1922, when she developed 
weakness, vertigo and dyspnea on exertion. She became progressively weaker 
after that time. April 17, blood pressure 140/90; marked albuminuria with 
casts. Only a trace of phenolsulphonephthalein was excreted in two hours. 
Blood Wassermann negative. Signs of pneumonia appeared toward the last. 
Death April 24, 1923. 

Postmortem Report: Edema of the lower extremities; ascites; 
lobar pneumonia; heart, weight 375 gm. 

The right kidney weighed 60 gm., and the left 75 gm. The cap- 
sules were adherent and the external surfaces granular. The cortices 
were very thin. 

Microscopically a typical advanced chronic glomerulonephritis is 
seen. 

The history as well as the structure of the kidneys indicates that 
nephritis was present many years, and was responsible for the com- 
plications of all her pregnancies. 
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Case 24. (23-435) 26 years of age. First pregnancy in 1915. Never well 
since that time. In January, 1919, the urine showed heavy a,lbuminuria, many 
casts and erythrocytes. She complained of loss of appetite and insomma. 
Shortly afterwards she became pregnant and went through pregnancy with 
some difficulty. She was seen at various times during the past three years, but 
the renal condition was not studied. She had albuminuria and slight hyper- 
tension during this period. Hemoglobin 16 per cent. Shortly before death she 
had repeated convulsions. Death July 10, 1923. 

Postmortetn Report: No edema; a small amount of fluid in the 
serous cavities; heart, weight 375 gm., left ventricular h3^ertrophy; 
edema of lungs; liver, normal. 

The left kidney weighed 58 gm., and the right 68 gm. The cap- 
sules were adherent and the external surfaces deeply pitted. The 
cortices were thin. 

Microscopically a typical advanced chronic glomerulonephritis is 
seen. In view of the history it is certain that chronic renal disease 
was present before the second pregnancy, but there is no history of 
eclampsia at any time. 

Case 25. (26-286) 26 years of age. Had scarlet fever in childhood. Nu- 
merous attacks of tonsillitis. The first pregnancy ended in abortion at two 
months, in October, 1922. She first came under medical care in April, 1923, 
during the fifth month of her second pregnancy. From April imtil her delivery, 
Jffiy 14, she had moderate edema and moderate albuminuria. The blood pres- 
sure ranged from 122/66 to 160/110. There were usually casts and erythro- 
cytes in the urine. There were no visual disturbances and no convulsions. 

She remained in the hospital three weeks after delivery. During this time 
the edema disappeared. The blood pressure ranged from 130/88 to 180/118. 
July 19, five days after delivery, the blood urea nitrogen was 57 mg., and crea- 
tinin 5 mg. August 7, nineteen days later, the blood lurea nitrogen was 32 mg., 
and creatinin 3 mg. August 21, blood urea nitrogen was 72 mg., and creatinin 
1.7 mg. Hemoglobin, July 19, 40 per cent. 

The patient was observed from time to time during the next three years. 
The blood pressure gradually rose to higher levels. During 1925 it ranged from 
180/106 to 210/130. There were no definite changes in the eyegrounds. The 
hemoglobin remained low. About March 19, 1926, she developed an upper 
respiratory infection and died four days later. 

Postmortem Report: Moderate generalized edema, ascites and 
hydropericardium; heart, weight 380 gm., left ventricular hyper- 
trophy; bronchopneumonia; cloudy swelling of the liver. 

The kidneys weighed 90 gm. and 120 gm. respectively. The cap- 
sules were adherent and the external surfaces deeply pitted. The 
cortices were thin. 
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Microscopically an advanced chronic glomerulonephritis is found, 
which shows no unusual features. 

The definite renal insufficiency which was found immediately 
after labor establishes the diagnosis of chronic glomerulonephritis 
at that time. Very probably it was present before the first preg- 
nancy in 1922. 

Case 26. (23-635) 41 years of age. In September, 1919, when she was 
eight months pregnant she was admitted to another hospit^ in labor. She was 
delivered by forceps because she was having convulsions. The infant was still- 
born. She stated that she was unconsdous for about one month after delivery. 
On admission June S, 1921, she complained of incontinence of urine. The urine 
contained albumin, casts and erythrocytes. Her blood pressure was 134/90, 
The phenolsulphonephthalein excretion in two hours was 10 per cent. Blood 
urea nitrogen 34 mg. She was discharged July 20, 1921, and was not seen again 
until her readmission Sept. 20, 1923. At this time she was irrational and de- 
lirious. The blood pressure was 185/125. Hemoglobin 55 per cent. Erythro- 
cytes 2,700,000. Blood urea nitrogen 125 mg. and 185 mg.; phenolsulpho- 
nephthadein output o per cent. Urine: specific gravity about 1010, abundant 
albumin, casts and erythrocytes. Slight terminal edema of the ankles. Death 
Oct. 3, 1923. 

Postmortem Report: Slight edema of the feet; no excess of fluid in 
the serous cavities; heart, weight 365 gm., moderate left ventricular 
hypertrophy; edema of the lungs; liver, normal. 

The kidneys weighed 33 gm. and 30 gm. respectively. The cap- 
sules were adlierent and the external surfaces finely granular. The 
cortices were very thin. 

Microscopically a typical, very advanced chronic glomerulo- 
nephritis is found. 

Very probably the convulsions that occurred during her labor in 
igig were uremic and not eclamptic. The extreme atrophy of the 
kidneys indicates a nephritis of many years’ duration. 

Case 27. (28-906) 37 years of age. Admitted March 26, 1928. The patient 
stated that she had had albumin in the urine since the birth of her last child, 
three and one-half years previously. Her immediate illness began in January, 
1928, with dyspnea, and edema of the ankles. These symptoms gradually be- 
came more severe and she became progressively weaker until she was obliged 
to go to bed. The blood pressure varied from 142/104 to 162/114. The urine 
was of low specific gravity, and contained abundant albumin and casts. Blood 
urea nitrogen, March 28, 38.5 mg. May i, hemoglobin 54 per cent; erythro- 
cytes 3,490,000. The edema progressed imtil it became a marked generalized 
anasarca. Death July 8, 1928. 

Postmortem Report: Marked anasarca; ascites; hydrothorax; 
heart, weight 340 gm., recurrent mitral endocarditis; liver, normal. 
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The kidneys weighed 73 gm. and 63 gm. respectively. The cap- 
sules were aiierent, and the external surfaces finely granular. The 
cortices were very thin. 

A typical advanced chronic glomerulonephritis is found micro- 
scopically. 

The patient dated her illness from her last pregnancy, but there 
was no history of eclampsia. The structure of the kidneys indicates 
a long duration of the disease. 

Case 28. (28-123) Gravida II. 38 years of age. Admitted Jan. 18, 1928. 
Expected date of confinement, March 22. Said to have had a few convulsions 
during her first pregnancy, fourteen years before. Under treatment for hyper- 
tension for the past fi^ve years. Blood pressure usually above 200 mm. Hg., 
during this period. She was seen by her physician shortly after the beginning 
of the present pregnancy, and the blood pressure was found to be 215/120. 
During the course of the pregnancy the blood pressure was never found below 
170/110. She entered the hospital because she was beginning to have visual 
disturbances, edema and vomiting. For two months she had been troubled 
with headaches and dizziness. During her stay in the hospital the systolic 
blood pressure ranged from 210 to 240 mm. Hg. There was edema of the ankles. 
The urine contained a large amount of albumin and many casts. Blood urea 
nitrogen 23.3 mg.; hemoglobin 8$ per cent. During the last week she vomited 
almost continuously. Labor was induced January 25, and a dead fetus was 
delivered. The patient died suddenly about two hours after the completion 
of labor. There were no convulsions. 

Postmortem Report: Moderate edema of the ankles; no fluid in the 
serous cavities; heart, weight 310 gm., moderate hypertrophy of the 
left ventricle; liver, weight 1700 gm., chronic passive congestion and 
moderate fatty metamorphosis, no areas of necrosis. 

The kidneys weighed 175 and 100 gm. respectively. The smaller 
kidney was adherent to the surroimding tissues because of an opera- 
tion several years before. The cortices were slightly cloudy. 

Microscopically there is a generalized arteriolar sclerosis, but no 
atrophy of the parenchyma. The glomeruli show a marked thicken- 
ing of the capillary basement membrane, an appearance that is 
foimd both in primary hypertension and in eclampsia. 

This is undoubtedly an instance of pregnancy in a woman with 
preexistent hypertension. 

The foregoing 8 cases (Cases 21 to 28), illustrate the course of 
pregnancy in women with previous chronic renal disease. There 
is usually a marked aggravation of the nephritic symptoms. The 
distinction from gestation eclampsia is difScult when the fimction of 
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the kidneys prior to pregnancy is unknown. All the symptoms of 
eclampsia, namely — hypertension, albuminuria, edema, headache, 
visual disturbances, vomiting, convulsions and coma — may occur 
in nephritis uncomplicated by pregnancy. However, if a definite 
impairment of renal fimction is demonstrable, the diagnosis of pre- 
existing chronic nephritis may be established. 

Many women 'with chronic renal disease go through pregnancy 
•without serious complications, but the usual effect is an increase in 
the intensity of the symptoms referable to nephritis. When the 
uterus is emptied the nephritic symptoms usually improve, but do 
not disappear entirely. 

There is no evidence in my experience that the presence of chronic 
renal disease increases the danger of the development of gestation 
eclampsia. Heynemann expresses a similar opinion. 

Discussion 

In fatal cases of eclampsia and preeclampsia, a characteristic 
glomerular lesion is found. The glomeruli are slightly enlarged and 
the lumina of their capillaries are narrowed and sometimes com- 
pletely closed, so that they contain very few erythrocytes. The de- 
crease in size of the capillary Imnina is caused chiefly by a marked 
thickening of the capillary basement membrane. Usually there is 
only a slight increase of endothelial cells, but sometimes the endo- 
thelial increase is prominent, and then becomes a more important 
factor in capillary obstruction than the thickened basement mem- 
brane. 

When the increase of endothelial cells is prominent (Fig. 6), there 
is a definite resemblance to acute glomerulonephritis. But the more 
striking features of acute glomerulonephritis are absent. There are 
no very large glomeruli, and no epithelial crescents. Intracapillary 
fibers were found in only one instance. Case i6, and then in associ- 
ation with acute rheumatic endocarditis. Fahr noted an increase of 
endothelial nuclei in exceptional instances, and was inclined to at- 
tribute it to an associated infection. His •riew seems to be that a 
mild glomerulonephritis is superimposed on the eclamptic kidney 
in these cases. Fahr’s interpretation of the endothelial increase is 
probably influenced to some extent by his con'vdction that the lesion 
of the eclamptic kidney is a nephrosis. 
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The increase of endothelial cells is surely an inflammatory phe- 
nomenon, that is, a form of glomerulonephritis. It occurs so fre- 
quently that Fahr’s interpretation of superimposed infection seems 
doubtful. A simpler explanation is to consider it a reaction to the 
to3dc substance responsible for the toxemia of pregnancy. 

The interpretation of the thickening of the capillary basement 
membrane is more difficult. It is not clear whether this is a degen- 
erative or an inflammatory phenomenon. One is tempted to explain 
it as a compensatory reaction to increased intravascular pressure 
since it occurs so regularly in primary hypertension. But it was 
found in one case of h)q)eremesis gravidanun (Case 19) in which 
there was no elevation of blood pressure, and I have found it in in- 
stances of lipoid nephrosis without hypertension. 

Volhard’s theory of arteriolar spasm does not seem adequate to 
explain thickening of the capillary walls. We are left with the theory 
that a soluble toxic substance in the blood is responsible for the 
thickening of the basement membrane. This view can neither be 
established nor disproved with our present knowledge. 

The thickening of the capillary basement membrane is apparently 
a process of hypertrophy, similar to the thickening of the elastica , 
interna of the arteries that occurs in advanced life. Whether this is 
an inflammatory process or not depends upon how inflammation is 
defined. It is not what one ordinarily understands as inflammation, 
but it probably represents a reaction to some kind of stimulus. 

The glomerular lesion of eclampsia is, therefore, a distinct patho- 
logical entity. It is perhaps best classified as a special form of 
glomerulonephritis, although it is to be distinguished from ordinary 
glomerulonephritis. It is somewhat confusing to classify a disease 
of this type as nephrosis. 

The classification of the lesion as nephritis or nephrosis is of no 
great importance. The essential nature of the disease is an injury 
of the glomerular capillaries, which allows albiunin to escape and 
impedes the flow of blood through the kidneys. 

The glomerular lesion may be the primary cause of the hyper- 
tension rather than its efiect. The fact that hypertension often pre- 
cedes albuminuria does not exclude this interpretation, since the 
narrowing of the capillaries may take place before they are perme- 
able to albumin. 

The glomerular lesions support the view that the fundamental 
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cause of eclampsia is a toxic substance in the circulating blood. The 
peculiar histological structure suggests that the poison is quite dis- 
tinct from that causing glomerulonephritis. 

Summary 

In fatal cases of eclampsia a characteristic glomerular lesion is 
found. 

The glomeruli show a marked narrowing of all their capillaries, 
caused usually by an increase in thickness of the capillary basement 
membrane, but sometimes by an increase of endothelial cells. 

One case is reported (Case 3) in which the lesions resultmg from 
an attack of eclampsia seven years before are described. These 
consist of focal hyaline areas in the glomeruli with partial or com- 
plete glomerular obliteration and varying degrees of tubular atrophy. 
It is shown that a peculiar form of chronic renal disease may result 
from the eclamptic kidney. 

In one case of hyperemesis gravidarum (Case 19) glomerular 
lesions were found which correspond entirely to those of t3q)ical 
eclampsia. In three other cases the glomeruli were normal. A fatty 
liver without necroses is characteristic of this form of toxemia. 

When a woman with chronic renal disease becomes pregnant, 
there is usually an aggravation of all the nephritic symptoms. The 
condition cannot be distinguished from preeclampsia and eclampsia 
unless the condition of the kidneys prior to pregnancy is known, or 
unless there is a definite impairment of renal function. Chronic 
nephritics show no special tendency to develop gestation eclampsia. 
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DESCRIPTION OF PLATES 


Plate i 

Fig. I. Case 14. Photomicrograph of glomerulus under low magnification, 
showing extensive obstruction of the capillaries. Hematoxylin-eosin stain. 

Figs. 2, 3 and 4. Case 3. These photomicrographs illustrate the effect of an 
attack of eclampsia seven years before death. The hyaline glomeruli are 
assodated with atrophic tubules (Fig. 2). Figures 3 and 4 show partially 
obliterated glomeruli. 
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Renal Lesions in Toxemias of Pregnancy 




Plate 2 

Fig. 5. Case 14. Drawing showing portion of a glomerulus under high magnifi- 
cation. Azo-carmine stain. Note the marked thickening of the capillary 
basement membrane (b. m.). End., endothelial cell; ep., epithelial cell; g., 
h3’^aline granules in an epithelial cell; er.,erj’^throc\’’te; 1., lumen of capillarjL 
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Plate 3 

Fig. 6. Case ii. Drawing showing portion of a glomerulus under high magnifi- 
cation. Azo-carmine stain. Note the marked increase of endothelial cells 
(end.). The capillary basement membrane (b. m.) shows a moderate but 
uneven thickening. Ep., epithelial cell; er., erythrocyte. 





INFECTIOUS ORAL PAPILLOMATOSIS OF DOGS * 


W. A. DeMonbreojj, and E. W. Goodpasture, M.D. 

{From the Department of Pathology, Vanderbilt Medical School, Nasiwille, Tenn.) 

For many years it has been the general opinion that human warts 
are contagious. The first experimental evidence of their infectious 
nature was furnished by Variot ^ (1893) who reported the successful 
inoculation of an adult with material from warts obtained from a 
child. Jadassohn- (1894) added confirmatory evidence when he 
succeeded in inducing the formation of typical warts in thirty-one 
out of seventy-four transplants of wart tissue under the epidermis. 
He reported the incubation period to be from seven to twelve weeks. 
Lanz ^ (1S99) and Juliusberg ^ (1903) reported the successful trans- 
mission of warts, giving the incubation periods as six weeks and 
fifty days respective^. Ciuffo ® (1907) first succeeded in passing the 
infectious agent through a Berkefeld N filter. Its filterability was 
confirmed by Serra ® (1908) who used a Berkefeld W candle. Wile 
and Kingery ^ (1919), by the use of Berkefeld filtrates, were able to 
produce warts in four weeks. Later Kingery ® (1921) succeeded in 
carrying the warts to the second generation by the use of Berkefeld 
filtrates, the incubation period being about six months. Findlay ® 
(1930) found that the time required for Berkefeld filtrates to pro- 
duce the lesions varied from three to eight months. 

Most of the experimental work with warts has been done with the 
common wart (verruca vulgaris), which is so frequent in children. 
Other varieties such as plantar, digitate, and filiform warts are also 
probably caused by the same virus or one similar to that which 
causes common warts, and, as has been pointed out by Roxburgh 
(1928), their differences in structure are due mainly to the char- 
acteristics of the situations in which they occur. Their papilloma- 
tous structure tends to be more pronounced in the moist, warm 
areas. In support of this opinion is the report of Waelsch (1918) 
who inoculated healthy skin and mucous membranes with condylo- 
mata acuminata and obtained flat warts on the skin and papillomas 

* Aided by a grant from the Pouch Fund. 
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on the mucous membranes. Serra ^ (1924) and Findlay ® (1930) also 
report the filterability of the infectious agent of condylomata 
acuminata. 

Numerous observers have noticed that children with laryngeal 
papillomas frequently have warts on their hands. Ullmann (1923), 
having noticed this association, successfully inoculated the human 
skin with macerated material from a laryngeal papilloma removed 
from a child. He succeeded in carrying the papilloma to the third 
generation, the virulence of the virus being definitely increased by 
the passage. In addition to demonstrating the filterability of the in- 
fectious agent, Ulhnann also claims to have infected the vaginal 
mucous membrane of a dog, although he was not able to induce 
lesions in the dog’s hard palate, or abdominal skin. Findlay ® (1930) 
was not able to confirm Ullmann’s claim of a successful inoculation 
of a dog with human material. 

Several of the lower animals are subjects to warts. Magalhaes 
(1920) reports that the infectious agent of bovine warts is filterable, 
lesions appearing five weeks after the injection of the virus. San- 
felice “ (1913) describes a papillomatous condition of the frog, Dis- 
coglossus pictus] but apparently no studies were made regarding its 
infectiousness. Borst describes pointed condylomas which occur 
primarily on the genitals of dogs, and secondary warts on the lips 
due to the animals’ habits of licking. 

Penberthy^^ (1898) described an epidemic of mouth warts in 
otherwise healthy foxhound puppies. Only three out of forty pup- 
pies in the kennel escaped the disease. The similarity of the growths 
to human warts, as regards their spontaneous disappearance, was 
noticed. M’Fadyean and Hobday^® secured two of Penberthy’s 
wart-bearing puppies for experimental purposes. By tissue inocula- 
tion they succeeded in transferring the warts to the scarified buccal 
mucous membranes of other puppies through the second generation. 
The incubation periods varied from one month to six weeks. Sub- 
cutaneous inoculations of wart emulsions failed to produce the new 
growths. An unsuccessful attempt was made to infect the mucous 
membrane of the penis of one puppy. In most cases the warts dis- 
appeared spontaneously after about six weeks. One puppy that had 
recovered resisted reinfection successfully. 

While our studies of oral papillomas of dogs was in progress 
there came to our attention a statement by Findlay ° (1930) that 
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this disease may be propagated in series by means of a Berkefeld 
filtrate. 

Several writers have described cellular inclusions in association 
with wart lesions. As early as 1913 Sanfelice described eosinophi- 
lic intranuclear inclusions in the prickle cells of warts inDiscoglossus 
pictus. Lipschutz (1924) describes basophilic intranuclear inclu- 
sions in cells of the outer portions of the prickle cell layer of human 
warts. In sections of warts fixed in Schaudinn’s fluid and stained by 
Giemsa^s method, UUmann (1923) recognized both red and blue 
inclusions in the nuclei of cells within the prickle layer. He states 
the inclusions are found in only certain stages of the disease, being 
more common in human than in dog warts. These inclusions have 
been regarded by Kyrle (1925) as an oxychromatic degenerative 
change of the nuclei. On the other hand Sangiorgi^^ (iQis), in 
studying human warts, found only cytoplasmic inclusions which ap- 
peared as single or multiple eosinophilic bodies in certain cells of the 
prickle layer. He discussed the possibility of these bodies being 
keratohyaline masses, but concluded that they must have some rela- 
tion to the disease. 

Infectious oral papillomatosis in dogs first came to our attention 
during the course of other experiments which required that the ani- 
mals be observed for rather long periods of time. A young, almost 
fullgrown, male setter that had been under our observation for al- 
most two months was noticed to have several papillomatous growths 
varying from 2 to 4 mm. in diameter located near the inner margins 
of the upper lips. These pedunculated, cauliflower-like growths were 
grayish in color, being considerably paler than the surrounding 
mucous membrane. A few days later several other comparatively 
smooth, grayish nodules were noticed scattered over the mucous 
membrane of the lips. The surfaces of these new nodules gradually 
became roughened, and in about two weeks they were definitely 
papillomatous in character. The warts increased in size and num- 
bers, spreading to the lower lips, both surfaces of the tongue, hard 
palate and pharynx. The nasal and genital mucous membranes 
and the skin remained free of abnormal growths. Following about 
three months of active growth, the warts seemed to remain station- 
ary for a period of another three months. Removal of some of the 
warts for experimental purposes from time to time during the period 
of observation might have had some bearing on their disappearance. 
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which was complete within three weeks after regression had com- 
menced. 

In satisf3dng our requirements for experimental animals a brown 
setter bitch, likewise bearing oral warts, came into our possession. 
This animal was noticed to have a peculiar lar3mgeal stridor which 
we thought might be due to the presence of one of the polypoid 
growths in the larynx. Autopsy of the animal, however, showed the 
larynx to be free from abnormal growths, and although numerous 
warts were present on the posterior pharyngeal wall, and a few small 
ones on the anterior surface of the epiglottis, none was encountered 
below the level of the glottis. The gastro-intestinal canal below the 
pharynx, as well as the genitalia, likewise proved to be free from 
warts. 

The infectiousness of the disease was proved by inoculating the 
scarified buccal mucous membranes of puppies with a paste made by 
grinding pieces of the wart tissue in a mortar containing small 
amounts of sterile sea sand and physiological saline solution. After 
thoroughly rubbing the paste into a scarified area, the mucous mem- 
brane was allowed to dry about five minutes before the animal was 
freed. At first the inoculations were repeated on the following day, 
for it was thought that it might be necessary for the infectious agent 
to come in contact with previously damaged cells in order to produce 
the disease. Later, one inoculation was found to be sufficient to in- 
duce the lesions in healthy puppies. In this manner the disease was 
carried to the fifth generation, the incubation period being from 
thirty to thirty-five days, with a tendency to be somewhat longer in 
dogs in poor general condition. Regression of the warts usually be- 
came apparent between the third and fifth months following inocu- 
lation. 

The scarified abdominal skin of puppies, guinea pigs, rabbits, rats, 
and mice was inoculated without result. With the exception of the 
puppies, lesions could not be induced in the buccal mucous mem- 
brane of any of these animals. Monkeys (M. rhesus) and kittens 
likewise proved imsusceptible. The buccal mucous membranes of 
four old dogs were inoculated, but in none of them did warts de- 
velop. On account of the immunity which many older dogs appar- 
ently had, practically all of our experimental work was done with 
puppies. We have noticed, however, the development of mouth 
warts in several young adult dogs following contact with infected 
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puppies. In tliese cases the incubation periods varied, in so far as we 
could judge, from thirty to thirty-hve days, being approximately the 
same as in cases where the mucous membranes were scarified and 
inoculated directly with infectious material. 

The wart lesions are easily propagated in series by means of the 
Berkefeld filtrate. In preparing the filtrate, the fresh warts were 
removed and washed free of adherent blood clots with Locke’s solu- 
tion. The}'- were then pressed between layers of filter paper to re- 
move the excess moisture, after which they were weighed. Next, 
they were placed in a mortar containing a small amount of sterile 
sea sand, and ground to a paste. Sufficient Locke’s solution was 
gradually added to make the resultant emulsion contain approxi- 
mately 5 per cent of tissue. The emulsion was then allowed to stand 
overnight ’in the icebox, after which the grinding was resumed for 
about five minutes. The contents of the mortar were then cen- 
trifuged at low speed for ten minutes, in order to throw down the 
larger particles of tissue. After adding a small quantity of a 24 hour 
broth culture of B. prodigiosus, the supernatant fluid was passed 
through a Berkefeld N candle at 20 pounds pressure per square inch. 
Cultures of the filtrate were sterile. 

Using very small hypodermic needles, the sterile filtrate was in- 
jected into the mucous membranes of the lips of three female pup- 
pies. The injections were made so as to form three or four discrete, 
white blebs, each containing approximately 0,1 cc. of the filtrate. 
The vaginal mucous membranes were likewise inoculated. Also, 
intradermal injections of the filtrate were made into the shaved 
abdominal skin of each puppy. No inflammatory reactions appeared 
about any of the sites of inoculation. After the third week the ani- 
mals were examined daily. On the thirtieth day following the inocu- 
lations there were noticed in one puppy, minute, pale, slightly 
elevated areas at the sites of inoculation in the buccal mucous mem- 
brane. Their subsequent development proved them to be warts in 
the earliest noticeable stage. Three days later similar lesions were 
noticeable in the mouths of the other two puppies. Also at this time 
early lesions became demonstrable in a positive control puppy whose 
buccal mucous membrane had been scarified and inoculated with 
sediment obtained by centrifugation of the tissue emulsion during 
the process of preparing the filtrate. 

Lesions failed to develop at the sites of inoculation in the skin and 
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vaginal mucous membranes. Cutaneous and vaginal injections were 
later repeated, using a filtered virus, but with similarly negative 
results. In addition, the conjunctivas of three puppies proved un- 
susceptible to the disease following injections of the virus, although 
injections made into the buccal mucous membranes of these puppies 
produced typical lesions. 

The warts were carried to the third generation by means of Berke- 
feld filtrates prepared as previously outlined. By this process, the 
incubation period was not appreciably shortened. In one experi- 
ment the filtrate was collected in two fractions at 20 pounds pressure 
per square inch. Each fraction seemed to be about equal in viru- 
lence, for, when injected into the buccal mucous membranes of 
healthy puppies, each produced apparently identical lesions follow- 
ing incubation periods of equal lengths. A filtrate which showed no 
apparent diminution in virulence was likewise obtained by using a 
Berkefeld W candle. 

Some of the warts were removed and immediately frozen with 
“dry ice” and kept in the frozen state while being dried over phos- 
phoric anhydride in vacuo at a pressure of 2 mm. of mercury. Ex- 
amination of the material after forty-eight hours showed it to be 
thoroughly dry. It was then sealed in glass ampoules and stored in 
the icebox. Sixty-three days later a portion of the dried material 
was emulsified in saline and inoculated into the scarified buccal 
mucosas of two young puppies. In the mouths of both puppies 
typical warts began to be apparent on the thirty-second day follow- 
ing the inoculation. 

The virus may also be preserved in equal parts of glycerol and 
o.g per cent NaCl solution. Several warts were removed and imme- 
diately placed in the glycerol-saline solution, and kept in a refrigera- 
tor at about io° C. Sixty-four days later a portion of the preserved 
tissue was rinsed in several changes of normal saline and then ground 
to a paste in a mortar. The buccal mucous membranes of two pup- 
pies were scarified and inoculated with this paste. One puppy died 
three weeks later without showing any signs of warts. In the other, 
warts began to be noticed on the thirty-third day following inocula- 
tion. 

The virus is not killed by a temperature of 45° C for one hour, 
A Berkefeld filtrate was prepared as previously described. Portions 
were sealed in each of three ampoules. The samples were heated for 
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one hour in water-baths at temperatures of 45° C, 58° C, and 80° C, 
respectively. Each sample of virus was then injected into the buccal 
mucous membranes of two puppies. Unheated virus was also in- 
jected into the buccal mucous membranes of two other puppies as 
controls. Warts first became noticeable in the control puppies on the 
thirty-seventh day. None of the other puppies developed warts save 
those injected with virus which had been heated to 45° C. In one of 
these animals the incubation period was thirty-eight days, in the 
other forty-two days. It is believed that the prolonged incubation 
periods of the disease in’ the experiment were due almost entirely to 
the poor general condition of the animals caused by the extremely 
hot weather which existed during the course of the experiment. 

It has been our experience that following inoculation, young 
healthy puppies develop the disease quicker than undernourished 
puppies, especially those with intercurrent disease. One fat bull 
puppy developed lesions in twenty-two days following the injection 
of the filtrate. Not uncommonly the appearance of the lesions may 
be delayed a week to ten days in sickly puppies. The average incu- 
bation period is from thirty to thirty-three days. There is evidence 
that practically aU puppies are susceptible to the disease. Out of 
thirty-four puppies inoculated with the virus, all save nine developed 
the lesions, and every one of these exceptions became sickly soon 
after inoculation, and all died before the upper limit of the incuba- 
tion period had been reached. 

Very little is known about the susceptibility of older dogs. We 
have noticed several instances where older dogs developed lesions 
following contact with infected puppies. On the other hand, other 
dogs, after repeated contact with infected puppies, did not develop 
the lesions. 

Attempts were made to reinfect four puppies in which complete 
regression of the lesions had taken place. In no instance were we 
successful. Two other puppies, each bearing lesions of about thirty 
days’ duration on one side of an upper lip, were reinoculated with 
virus on the opposite sides. Neither developed fresh lesions. 

The gross appearance of the lesions varies considerably through- 
out the course of the disease. In case the buccal mucosa has been 
scarified and inoculated with the virus, the lesions usually become 
noticeable around the thirtieth day following inoculation as pale, 
smooth elevations which correspond to the lines of scarification. 
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At the end of a week the elevations are more conspicuous, and their 
surfaces tend to be slightly rough. As a rule their growth during the 
second week seems much greater than during the first week. At 
first the lesions are flat, but by the end of the second week they be- 
gin to assmne their characteristic papillomatous character. The 
older warts consist of a mass of closely packed papillae which are 
often as much as 7.5 mm. in length. If the lines of scarification are 
made close together during the inoculation process, a confluent 
mass of warts results. In case the lips are infected by injecting the 
virus into the buccal mucosa, the first visible lesions appear as 
minute, pale spots which correspond to the sites of the blebs made 
at the time of injection. These spots soon become pale elevations, 
which, as growth goes on, frequently assume a lobulated character 
due to unequal growth in different areas. These, too, soon assume 
their characteristic papillomatous conformation. The early lesions 
always appear paler than the mucous membrane which surrounds 
them. In case they are growing on pigmented lips the color contrast 
is very noticeable; although the warts may have a slaty gray pig- 
mentation if they arise on dark mucous membranes. 

Regressing warts usually become darker in color and somewhat 
shriveled. They gradually become smaller, regression usually being 
complete within two weeks of its commencement. The healing 
process leaves no scars. After the lesions have existed for four to 
six weeks, secondary warts in other parts of the mouth have not 
infrequently been observed. 

The general histological characteristics of the lesions are very 
similar to those of human warts. The very early lesions show exten- 
sive hyperplasia of the epithelium, as indicated by munerous mitotic 
figures. As a result the prickle cell layer grows progressively thicker. 
In lesions a little older, there may be seen small islands of rounded 
prickle cells which seem to have lost their intercellular bridges. 
These groups of cells evidently represent the beginning of the forma- 
tion of papillae. As further development takes place h3q)erkeratosis 
becomes a prominent feature. The cells of the Malpighian layer re- 
main approximately normal in size. Many of the squamous cells in- 
crease to several times their normal size and have intensely staining 
nuclei. The cytoplasm of many of them appears as coagulated fluid; 
other cells appear vacuolated. In the outer portions of the squamous 
cell layer the nuclei appear shriveled, and many of the cells have en- 
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tirely disappeared, leaving mesli-like spaces in the thickened layer 
of keratin. During the development of the lesion the corium pre- 
sents no abnormal cellular changes except hyperplasia to form papil- 
lae. In a few of our sections showing a wart that is definitely de- 
generating there may be seen a few round cells and plasma cells in 
the corium. 

It is only in sections of older warts that any suggestion of cellular 
inclusions is to be seen. In such sections many of the cells just be- 
neath the keratin layer are seen to contain within their cytoplasm 
round to oval bodies which vary from i to 5 microns in diameter. 
These bodies may be seen sometimes in the swoUen squamous cells, 
but more commonly they occur in the cells of normal size. These 
bodies are usually acidophilic, presenting the same staining reac- 
tions as the adjacent keratin. They are regarded as keratohyaline 
masses. Also, within the nuclei of a few of the swollen cells just 
under the keratin layer there may be seen large round to oval, in- 
tensely basophilic masses which almost fill the nuclei. Occasionally 
lobulated intranuclear masses may be seen. They are never observed 
except in areas where the cells are definitely degenerating. Stain- 
able granules which might be interpreted as representing the virus 
could not be identified in smears of wart tissue stained according to 
the technique of Morosow. 

Discussion 

The virus of oral warts in dogs seems to possess greater cellular 
specificity than does the virus of human warts. This is indicated by 
our success in inducing lesions only in the mouths of puppies, al- 
though the skin and other mucous surfaces were likewise injected 
with the virus. Further evidence of the specificity of the virus is fur- 
nished by our failure to induce the lesions in the buccal mucous 
membranes of kittens, rabbits, guinea pigs, rats, mice and monkeys. 
In view of the remarkable specificity of the wart viruses we believe 
that confirmation should be obtained before Ulhnann’s report of the 
successful inoculation of a dog’s vaginal mucous membrane with 
human wart virus is generally accepted. jw-; 

Little is known about the proportion of older dogs that are suscep- 
tible to the disease, but judging from our experiments practically all 
healthy puppies are susceptible. The average incubation period is 
from thirty to thirty-three days. In malnourished or sickly puppies 
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frequently another week is required before the lesions become ap- 
parent. We are unable to explain this variation, but such factors as 
malnutrition, acidosis, dehydration, or elevated temperature may 
play a part in retarding the development of the lesions. 

The experimental lesions have a tendency to regress somewhat 
earlier than the spontaneous ones. In some cases the warts had com- 
pletely disappeared within six weeks after their appearance. Sur- 
gical removal of portions of the warts, for experimental purposes, no 
doubt hastened their regression. Animals in which warts were 
definitely regressing could not be successfully reinoculated with the 
virus, although the regressing warts still contained active virus 
capable of infecting normal puppies. This fact suggests that the 
development of immunity determines the limit of growth and initi- 
ates the regression of the papillomas. 

In microscopic sections of younger lesions we have been unable to 
observe anything convincing of virus inclusions. Older lesions show 
in some of the cells of the peripheral portions of the prickle layer 
small, rounded, acidophilic, intracytoplasmic masses which we 
judge to be masses of keratohyalin. In an occasional large, char- 
acteristic wart cell there may be seen a large basophilic body which 
almost completely fills the nucleus. These homogeneous, basophilic 
structures are quite similar to the Lipschlitz bodies encountered in 
human warts. On the basis of our present knowledge we regard them 
as abnormal degenerative products of the nuclei occurring second- 
arily to the processes of hjqjerplasia and hyperkeratinization. 

Notwithstanding the absence of definite cellular inclusions which 
suggest to us the presence of an intracellular virus, we recognize in 
warts, both human and canine, cellular changes which we regard as 
characteristic of the infection. These consist mainly in an enlarge- 
ment of certain epithelial cells, associated with an increase in both 
cytoplasm and nucleus. Not infrequently the apparent volume of 
the cytoplasm is relatively more greatly increased than the nuclear 
volume. This change results in the appearance of large clear epithe- 
lial cells, singly or in small groups, surrounded by normal cells. The 
altered cells do not differentiate but tend to remain simple and in- 
tact even after keratinization has completely immured them. 

This characteristic cellular change indicates to us that the virus of 
warts is an intracellular agent, that is, a cytotropic virus. It is 
noteworthy that occasionally a large '‘wart cell” appears to rupture. 
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leaving a small cyst-like space filled with serum. Like certain other 
cytotropic viruses, that of warts excites cells to hyperplastic growth, 
and leads to abnormal structural changes which may eventuate in 
swelling and lysis or rupture. But above all, the lesion is character- 
ized by localized hyperplasia. 

The ease with which the virus passes through the finest Berkefeld 
candle suggests the likelihood that it will also pass through still finer 
filters such as the Chamberland. 

Several qualities contribute to make this virus ideal for the study 
of its physical properties. Among these are its remarkable specifi- 
city, the ease with which it may be secured in quantity, the ease of its 
preservation by diying (vacuum or glycerine), the susceptibility of 
practically all puppies to infection by it, and the fairly constant m- 
cubation period of the disease which it produces. 

Puppies recovered recently from the experimental disease are 
immune to subsequent inoculation. 

Summary 

1. Infectious papillomas occurring in the mouths of dogs have 
been described. 

2. The general histological characteristics of the lesions are very 
similar to those of human warts. 

3. Basophilic intranuclear bodies, similar to the Lipschiitz bodies 
of human warts, occur in a few of the large wart cells of the older 
lesions. Their connection with the etiological agent of the disease 
remains to be proved. 

4. Judging from our experiments practically all puppies are sus- 
ceptible to the disease, but little is known regarding the proportion 
of older dogs that are susceptible. 

5. The average incubation period of the disease in healthy pup- 
pies varies from thirty to thirty-three days, but may be as much as 
ten days longer in malnourished, sickly puppies. 

6. The lesions usually heal spontaneously. Regression in the 
experimental lesions occurs somewhat earlier than in the natural 
infection. 

7. Puppies that have recovered from the disease are immune to 
reinfection. 
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8. We have not succeeded in inducing the disease in rabbits, rats, 
mice, guinea pigs, kittens, or monkeys. 

g. In puppies the disease is easily transmitted in series by means 
of Berkefeld filtrates obtained from the lesions. 

10. The virus possesses a high degree of cellular specificity, ap- 
parently affectmg only the mucous membranes of the mouth. 

11. The virus may be preserved for long periods in equal parts of 
glycerol and saline, or by dr3nhg the infectious tissue in vacuo while 
frozen. 

12. Subjection of the virus to a temperature of 58° C for one hour 
renders it non-infectious. A temperature of 45° C for a similar period 
does not appreciably impair its virulence. 
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DESCRIPTION OF PLATES 


Plate 4 

Fig. I. Mouth of dog showing spontaneous warts. This photograph was made 
twelve weeks after the first small group of warts was noticed. 

Fig. 2 . Puppy’s mouth showing the warts as they appeared sixty-six days after 
injection of the Berkefeld filtrate. In this case the incubation period was 
thirty-three days. 

Fig. 3. Photograph of very early lesions as they appeared following inoculation 
of the scarified buccal mucosa. Note the linear arrangement of the lesions 
corresponding to the lines of scarification. 

Fig. 4. A cross-section of the lesion shown in Fig. 3. Note the epithelial hyper- 
plasia. X 60. 
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Plate 5 

Fig. 5. Longitudinal section of an older wart showing its papillomatous na- 
ture. X 12. 

Fig. 6 . Transverse section from an old wart, x 12. 

Fig. 7. A higher magnification of a transverse section of a papilla of an ac- 
tively growing wart. Note the inner core of malpighian cells w^hich are 
approximately normal in size. Surrounding these may be seen the large, 
characteristic wart cells, x 300. 
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Fig. 8. Cross-section of a papilla showing marked keratinization. x 300. 

Fig. 9. Longitudinal section of a papilla showing the large wart cells lying be- 
tween the malpighian cells and the outer laj’-er of keratin, x 300. 

Fig. 10. Longitudinal section of an older wart showing an area from which 
many of the large wart cells have disappeared, leaving a mesh-like arrange- 
ment of the keratin, x 300. 
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Plate 7 

Fig. II. Cross-section of a papilla from a regressing wart. INIalpigliian cells 
have disappeared, but the wart cells are still present. Keratinization is 
marked, x 300. 

Fig. 12. Basophilic intranuclear inclusions which occur in a few of the large 
wart cells. These have been observed only in older warts, x 1250. 
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TULAREMIC ENCEPHALITIS* 


PATHOLOGY OF ACUTE TULAREMIA WITH BRAIN INVOLVEMENT 
AND COEXISTING TUBERCULOSIS 

F. W. Hartman, M.D. 

{From the Department of Laboratories, Henry Fori Hospital, Detroit, Mich.) 

Since Francis^ accumulated the reports of twenty-four deaths 
from tularemia in 1928, at least five additional reports of death have 
been published. Of these five cases autopsies were done in two in- 
stances, bringing the total number of reported autopsies, to date, to 
ten. An additional case, with two unique features and in which 
an autopsy was performed, is the basis of this report. The unique 
features are, first, involvement of the brain without involvement 
of the meninges, and second, the presence of active tuberculosis of 
the left kidney and right epididymis. 

Report of Case! 

Clinical History: Patient admitted December 22, 1930 at 11.30 p.m., with 
a complaint of fever and delirium. He had had measles and influenza, but there 
was no history of tuberculosis. His habits w^ere good. Family history unim- 
portant. On December 10, while working in a butcher shop, he lacerated his 
hand at the base of the left thiunb. He was cleam'ng fish at the time of the acci- 
dent, but just previous to this had been skinning rabbits. He covered the 
W'ound with iodine and continued his work. December 14, the hand became 
swollen and the axillary glands enlarged and quite painful. At this time he felt 
“feverish” and consulted his physician, who told him the injiury had become 
infected and treated him accordingly. For three days there was local and gen- 
eral improvement, but December 18 more fever and malaise developed, with 
delirium and profuse sweats which lasted for four days. The temperature 
ranged from 101 to 103° F. His physician noted stiffness of neck. 

Physical examination showed a well nourished and well developed adult male 
breathing loudly but regularly, and aroused with difiSculty. The pupils were 
dilated and reacted to light and accommodation. The lips were cracked, dry and 
bled easily; the mucous membranes were coated. Throat clear. Teeth in good 
repair. Definite rigidity of neck was present. Lymph glands and thyroid of 

* Read before the American Association of Pathologists and Bacteriologists at 
Cleveland, Ohio, April 2, 1931. 

t The history and clinical course are briefly abstracted, as they will be given in a 
detailed report from the Department of Medicine at a later date. 

Received for publication August 22, 1931. 
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usual size. Chest expansion normal, resonant throughout, respirations -wheezing 
with few dry rMes, Heart sounds regular, no murmurs. Blood pressure 1 18/80. 
The abdomen was on a level with the chest and there was no muscle spasm or 
tumor masses. The extremities were not -unusual except an ulcer 2.5 cm. in di- 
ameter on the left thenar eminence. There was no -visible lymphangitis but the 
axillary glands were enlarged. (Physician stated lymphangitis could be readily 
seen and that one aHUary gland had been the “size of a lemon.”) Kemig and 
Babinshi signs negative. Hemoglobin 14.7 gm., red blood cells 4,830,000, white 
blood cells 11,500, polymorphonuclear leucocytes 84, small mononuclears 14, 
transitional cells 2. Urine; amber, specific gra-vity 1.018, acid, albumin i plus, 
sugar negative, no red blood cells, white blood cells or casts. Blood culture 
negative at thirty-six hours. 

Progress: On December 29 the patient was drowsy and stuporous, the tem- 
perature 101.2° F. Many rales, especially at left base, were noted. The woimd 
was dean and granulating. Blood culture agglutinated B. tularense 1:640. 
December 31, red blood cells were 4,790,000, hemoglobin 13.9 gm., white blood 
cells 11,400. Urine, albumin 2 plus. Agglutination -with B. tularense 1:1280. 
January 1 , 500 cc. of blood from a convalescent patient -with a titer of i ; 640 was 
given to the patient. January 2 the temperature was only slightly lower, but 
patient was rational. Three days later a papular eruption appeared, covering 
the back from scapulae to buttocks. The next day, January 6, he had a slight 
con-vulsion. On January 9 a spinal puncture was made which showed bloody 
fluid, negative culture, sugar 42 mg., white blood cells 145. January 20 the tem- 
peratme was 104° F, rales were noted over right base and impairment over left 
base. The respirations became irregular and death took place. 

Autopsy Import 

Body: Middle-aged, -white male 163 cm. in. length. Skeleton slight, 
poorly nourished. Axillary glands on left enlarged. At base of left 
thmnb there is healing ulcer 3 by 1.5 cm. 

Abdomen: Surfaces smooth and glistening. Liver reaches costal 
margin. Spleen enlarged. 

Thorax: No excess of fluid or adhesions. Pericardial sac contains 
100 cc. clear fluid. 

Heart: Weight 320 gm. Subepicardial fat moderate in amount, 
vessels tortuous but not sclerotic, right auricle and ventricle dilated 
and filled with liquid blood, valves intact. The myocardium is pale, 
but of good consistency, 

Lwigs: Left lung weighs 600 gm., right 650 gm. There are no 
scars at the apices. The peribronchial lymph nodes are enlarged and 
show small grayish white areas of necrosis. On the right side small 
gra3dsh areas of necrosis are seen beneath the pleura and scattered 
through the parenchyma. Sections from the peribronchial l3anph 
nodes show small areas of necrosis and polymorphonuclear infiltra- 
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tion. The epithelioid reaction is slight and no giant cells are found. 
Gram-Weigert and Ziehl-Neelsen stains show no bacteria. Sections 
from lungs show necrosis with little epithelioid or other cellular re- 
action and no giant cells. Gram-Weigert and Ziehl-Neelsen stains 
negative for bacteria. 

Spleen: Weight 300 gm. The capsule is bluish red in color and 
shows no wrinkling, but tliere are a few grayish areas of necrosis 
shining through. On section the pulp is very soft and bloody. The 
necrotic areas cannot be made out. On microscopic examination 
the areas of necrosis are small and difficult to find. They are sharply 
outlined and there is some epithelioid reaction at the periphery. No 
giant cells are found. Staios for bacteria are negative. 

Liver: Weight 1900 gm. The capsule is smooth and a few small 
grayish yellow areas of necrosis are seen shining through. On the 
•dorsal surface, at the junction of the right and left lobes, is a soft 
necrotic area 8 mm. in diameter filled with grayish homogeneous 
material. The parenchjmia is brick red in color and the cut surface 
is finely granular. Lobulation is distinct and there is no increase in 
fibrous tissue. Microscopic examination shows minute areas of 
necrosis infiltrated by leucocytes. There is no epitheh'oid reaction 
and no giant cells. Gram-Weigert and Ziehl-Neelsen stains reveal 
no bacteria (Fig. i). 

Kidneys: Weight, right 200 gm., left 200 gm. The capsules strip 
readily, leaving smooth, unscarred, cortical surfaces. On section the 
cortex ranges from 7 to 10 mm. and the usual architecture is well 
made out. In the upper pole of the left kidney the calyces are lined 
by grayish granulation tissue and are enlarged. Microscopic sec- 
tions through involved calyces show whorls of epithelioid cells with 
.giant cells forming t3^ical tubercles. Acid-fast bacM are readily 
demonstrated (Fig. 2). 

Testicles: The left testicle is missing. The right epididymis is en- 
larged and indurated with a caseous abscess i cm. in diameter. 
Microscopic sections show whorls of epithelioid cells with giant cells 
and necrosis forming single and conglomerate tubercles. As many as 
ten acid-fast organisms to a single field are demonstrated by Ziehl- 
Neelsen stains. 

Brain: Dura is of usual thickness and translucent. The convolu- 
tions are broad and flat and the sulci are correspondingly narrow. 
The iimer meninges show no edema or infiltration. On section 
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through the fixed specimen the corpus callosum, basal nuclei, pons 
and the adjacent tissue show soft, grayish yellow, necrotic or hem- 
orrhagic areas ranging from 0.5 to 3 mm. in diameter (Fig, 3). 
Microscopic sections taken through the brain and necrotic lesions in 
various places show a necrosis similar to that seen in glands, lungs, 
spleen and liver, except that it is much more extensive and that there 
is hemorrhage in places. There is more leucocytic infiltration also. 
The blood vessels within and near the necrotic areas show marked 
proliferation of the lining endothelium with narrowing, and in some 
cases, obliteration of the lumen. Gram-Weigert and Ziehl-Neelsen 
stains fail to reveal bacteria (Fig, 4), 

Discussion 

With active tuberculosis demonstrated in the left kidney and the 
right epididymis by finding the tubercle bacillus in the lesions and by 
reproducing the disease in guinea pigs, the question naturally arises 
as to whether all the pathology and particularly that in the brain 
could be explained on the same basis. Aside from the clinical history 
which is typical of tularemia, and the high agglutination titer 
(1 : 2480) of the patient’s serum for B. iularense, the lesions in the 
lymph nodes, spleen, limgs, liver and brain are quite different from 
those in the left kidney and epidid3miis, in that the former show more 
necrosis, less epithelioid reaction and no giant cell reaction. Further- 
more, sections from lymph glands, spleen, lungs, liver and brain 
were stained by the Ziehl-Neelsen method at the same time as sec- 
tions from the kidney and epididymis, but no acid-fast baciih were 
found in the former, while as many as ten acid-fast bacilli were 
found in a single oil immersion field in the latter. 

Brain involvement has not previously been reported in man. 
However, Francis and Callender ^ record a negro with swelling and 
suppuration of the axillary glands who died after several days of 
stupor and coma. The clinical diagnosis was tuberculous meningitis. 
The autopsy showed bronchopneumonia and the spleen, liver and 
meninges showed opaque firm nodules. Although the pathology was 
interpreted at the time as tuberculous meningitis, tubercle bacilli 
were not demonstrated, so the possibility of tularemia was suggested 
later. 

Experimentally Dwijkoff® has produced hemorrhagic lesions of 
the brain stem in guinea pigs with B. tularense. 



TULAREMIC ENCEPHALITIS 


6i 


On the other hand, it is doubtful if tuberculosis ever produces a 
general inflammation of the brain substances as seen in this case, 
that could properly be called encephalitis, at least in the absence of 
meningeal and epend3ahal lesions. Roque, DeChaume and Ra- 
vault^ report a single case of “tuberculous meningo-encephalitis,” 
and describe the principal lesions in the meninges and ependyma 
with involvement of only the brain substance immediately adjacent. 

In addition to lethargic encephalitis, encephalitis is known to 
occur in measles, scarlet fever, whooping cough, mmnps, typhoid 
fever, typhus fever, variola, varicella and diphtheria. In tularemic 
encephalitis, if judged by this single observation, the lesions are 
even more extensive than in most of the diseases mentioned and are 
characterized by proliferation of the endothelium of the blood ves- 
sels, endarteritis, extensive necrosis, particularly of the white matter, 
and hemorrhage. 

Summary 

1. A case of acute tularemia with diffuse encephalitis and co- 
existing tuberculosis of the kidney and epididymis is described. 

2. The brain lesions are readily seen as areas of yellow necrosis 
and hemorrhage throughout the base. 

3. Microscopically there is patchy necrosis with round, wan- 
dering cell and polymorphonuclear infiltration. 
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Fig. 3. Coronal sections of brain showing areas of necrosis and hemorrhage. 

Fig. 4. Photomicrograph of brain showing area of necrosis with leucocytic 
infiltration at periphery. 
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A STUDY OF VACCINE VIRUS PNEUMONIA IN RABBITS * 

R. S. Mitckenfuss, M.D., H. A. McCordock, M.D., and J. S. Harter, M.D. 

{From the Department of Internal Medichie and the Department of Pathology of Washing- 
ton University School of Medicine, St. Louis, Mo.) 

The results of the inoculation of vaccine virus into the lungs of 
rabbits have been variable in the hands of different workers. Cal- 
mette and Guerin ^ in 1901 introduced virus into the trachea, lungs 
and pleura of rabbits without producing apparent lesions, although 
animals so treated were subsequently shown to be immune to vac- 
cinia. Shortly thereafter Bosc^*^ reported alterations in the lungs 
of rabbits following the introduction of vaccine virus, and in 1904 
published his findings in detail. Positive results were observed in 
three out of twelve animals inoculated. The lungs were described as 
enlarged, gray or somewhat violaceous, and of the consistency of 
liver. Histologically, a cellular proliferation was the most promi- 
nent feature, and he spoke of the lesions as neoplastic. Endothelial 
proliferation in the capillaries of the involved areas was mentioned. 
Inclusions were observed in all of the vaccinal lesions, although no 
such structures in the lung lesions were illustrated. 

Haaland,'^ in 1905, injected vaccine lymph intratracheally and 
observed lesions in the tracheal mucosa, usually at the site of the 
needle puncture, characterized by cellular proliferation and the 
presence of Guamieri bodies. Lung lesions were observed, which he 
concluded were not caused by vaccine virus: (i) because the same 
lesions could be produced in vaccine-immune animals and by non- 
specific material; (2) the virus could not be demonstrated in the 
involved lung; and (3) filtrates of these lungs did not cause distuic- 
tive lesions and did not confer immunity to the virus. Numerous 
bodies were present in the lungs but they varied in size and had 
no definite relation to the nucleus, and could not be identified as 
Guamieri bodies. He found no evidence of the neoplastic changes 
described by Bose. 

In 1929 Cattaneo ® introduced neurovirus into the trachea and 
into the parenchyma of the lungs, producing alterations in which he 

* Received for publication August 17, 1931. 


63 



64 MUCKENEUSS, McCOEDOCK, HAETER 

discerned three stages of fibrinous pneumonia/ He described numer- 
ous granules in the involved areas and thought them derived from 
degenerated leucoc)rtes. He interpreted the lesion as unquestionably 
due to vaccine virus, since cultures of the lung tissue remained sterile 
and the triturated lung tissue yielded lesions typical of vaccinia 
when inoculated into the cornea of rabbits. 

In repeating this work, but using commercial vaccine prepared in 
Pavia, no limg lesions were produced, although the inoculated ani- 
mals became immune. This difference in the activity of different 
viruses may explain the discrepancies reported. 

Armstrong and Lillie® in 1929, using a heat-selected strain of 
virus, reported the production of serofibrinous pneumonia in rabbits 
after intratracheal or intranasal inoculation. This virus was passed 
from lung to limg eight times with no decrease in activity. Only one 
of eight immune animals developed pneumonia. Cytoplasmic inclu- 
sions were described in the bronchial and alveolar cells, as well as 
proliferative reactions in the blood vessels of the involved area. In a 
more comprehensive report published later, these findings were 
illustrated.^ 

The publications quoted seem to establish the fact that it is pos- 
sible to cause pneumonia in rabbits by means of some strains of vac- 
cine virus. There seems, however, to be no agreement concerning the 
occurrence of vaccine bodies in the reported lesions, or the role 
played by the material associated with the virus in producing the 
changes described in the lungs. 

Methods and Materials 

Neurovirus of Levaditi, furnished by Dr. T. M. Rivers, was used. 
Rabbits were killed on the fourth day after intratesticular inocula- 
tion and the testicles removed aseptically and triturated with sterile 
sand. About 10 cc. of Locke’s solution was added and the suspen- 
sion centrifuged at high speed for twenty minutes. The supernatant 
fluid was diluted i :io in sterile Locke’s solution before inoculation. 

Animals were anesthetized and a needle was inserted through the 
anterior surface of the neck into the trachea, and i to 2 cc. of virus 
injected. The head of the animal was elevated so that the fluid 
would flow iato the lungs. In some experiments a catheter was 
passed through the mouth and into the trachea, but as this method 



VACCINE VIRUS PNEUMONIA IN RABBITS 65 

was less certain the method first described was used in most of the 
work. 

Each series of animals included some rabbits that had been im- 
munized by skin inoculation from one to three months previously. 

A total of thirty-one animals, of which thirteen were immune, was 
used. Three animals were inoculated with emulsions of normal rab- 
bit testicle. Virus heated to 56° C. for three hours, virus admixed 
with an equal quantity of immune serum, and herpes virus (H. F. 
strain) were also used as controls. Virus was applied directly to a 
scarified area in the trachea of one normal animal. 

Daily observations were made on the inoculated animals. Tem- 
perature elevations were unusual and not related to the findings at 
autopsy. Dyspnea was rarely observed, even shortly before the 
death of the animal. 

The animals were killed at intervals varying from one to five days 
after inoculation and the lungs fixed by injecting Zenker’s fluid into 
the trachea imder low pressure. Other organs were examined, but 
as no changes were observed, either grossly or microscopically, they 
will not be described in this report. 

Gross Lesions 

Non-immune animals, in which the virus was introduced through 
a hypodermic needle, showed slight edema of the neck about the site 
of the injection. A severe form of this reaction was encountered a 
few times when some vims was lost in the subcutaneous tissue, be- 
cause the needle did not slip into the trachea at the first puncture. 
These animals showed a massive edematous swelling of the loose 
tissue of the neck, and occasionally also of the mediastinum. 

The mucosa of the trachea was always red and swollen about the 
needle puncture wound, and shreds of fibrin often were attached to 
the epithelium. Whenever lesions were found in the lungs, the mu- 
cosa of the primary bronchi and lower part of the trachea also was 
inflamed. If a catheter had been used there was no edema of the 
neck. 

Gross lesions were found in the lungs of normal animals twenty- 
four hours after the introduction of the vims. Shghtly elevated 
patches of translucent gelatinous consolidation and of soft doughy 
consistency were foimd usually in the posterior part of the lower 
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lobes. The distribution of these was lobular, but in animals with 
severe reactions the greater part of one lobe was involved. These 
patches varied in color from a grayish pink to a light brown. On 
section, fluid could be squeezed from the boggy areas, leaving a 
slightly granular surface. Tiny, yellow opaque flecks were often 
seen on the cut surface. Except in two discarded animals that had 
contracted a bacterial pneumonia, we did not encounter patches 
resembling the dry, gray consolidation seen in the gray hepatization 
stage of lobar pneumonia. 

In some animals, as early as twenty-four hours, but most fre- 
quently on the second day and after, areas of hemorrhagic consolida- 
tion appeared. These seemed to represent a later stage of the edema- 
tous patches. They were sharply circumscribed, dark red areas, 
firm and granular on the cut surface, and resembled small infarcts. 
Three or four days after injection the lungs usually contained many 
edematous patches and a few of these dark red infarct-hke areas. 
In one animal about hah of the lower lobe showed the dark red con- 
solidation with edematous lobules scattered throughout the remain- 
ing lung tissue. 

The majority of the immune animals presented no gross lesions. 
A few contained small gelatinous patches and an occasional gray or 
red opaque fleck on the cut surface. 

Histological Findings 

Lungs: The earliest gross lesions, the areas of gelatinous consoli- 
dation, prove to be groups of alveoli filled with coagulated al- 
buminous fluid and varying amounts of fibrin (Figs, i and 3). Some 
alveoli contain large tangled masses, others show only a few isolated 
strands. The cellular component of the alveolar exudate varies in 
different animals and in separate regions of the same lung. The 
primary cellular response consists of a mobilization of numbers of 
large mononuclear phagocytes within the alveoli and about the 
bronchi and blood vessels. Mitoses are munerous in these mono- 
nuclear cells. Occasionally the cytoplasm of several of these phag- 
oc3^es is fused, forming a giant cell. The number of cells in different 
alveoli is extremely variable, ranging all the way from the few dust 
cells seen in normal lungs to a complete filling of the air space, ivith 
obliteration of the pulmonary markings (Figs. 4 and 8). Polymor- 
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phonuclear leucocytes can be found, but they do not yet form a con- 
spicuous part of the exudate. 

In many of the consolidated portions of the lung one can see 
necrosis of the cellular exudate and focal necrosis of the alveolar 
walls (Fig. 6). Here the nuclei are pyknotic or fragmented, and this 
degenerating and necrotic tissue is infiltrated with polymorphonu- 
clear leucocytes. Wherever necrosis occurs, the polymorphonuclear 
leucoc3d;e becomes the predominating cell. With the destruction of 
the alveolar walls, blood escapes into the alveoli and areas of hemor- 
rhage appear. Widespread necrosis is always followed by a large 
hemorrhage producing infarct-like zones. 

Blood Vessels: Characteristic changes occur in and about the larger 
blood vessels. The perivascular l3mphatics become distended and 
are filled with coagulated, albuminous fluid containing many large 
mononuclear cells, together with a few lymphocytes and polymor- 
phonuclear leucocytes. Later, necrosis of many of these mononuclear 
cells is accompanied by an increased number of polymorphonuclear 
leucocytes and the presence of varying amounts of fibrin. At this 
stage the waU of the adjacent blood vessel often shows foci of necrosis 
in its adventitia and even, at times, in the outer part of the media. 
The necrosis is either preceded or accompanied by edema of the 
vessel wall. We have not been able to confirm the observation of 
Lfllie and Armstrong that the vacuoles in the media of swollen ar- 
teries are filled with a mucin-like substance, on staining with toluidin 
blue. However, in our material, sections stained with toluidin blue 
did occasionally show fine red fibrils apparently in and between the 
muscle fibers, but the vacuoles were always as clear as the artist has 
illustrated them in color (Plate 3) in the above-mentioned article. 
Large numbers of pol3miorphonuclear leucocytes invade all coats of 
the damaged vessel wall, and in extreme cases the intima is lifted up 
by a collection of inflammatory cells (Fig. 5). Thrombosis of these 
vessels is never seen. 

Bronchi: A patch of necrotic epithelium is frequently seen in a 
bronchus with collections of polymorphonuclear leucocytes in and 
about the dead tissue. These leucocytes also infiltrate the submu- 
cosa and often extend through all the layers of the bronchial wall. 

A small bronchus may have its lumen occluded by a cellular exudate 
when the epithelium is necrotic. The larger ones are never plugged 
but merely have a few layers of fibrinous exudate containing leu- 



68 MUCKENTUSS, McCORDOCK, HARTER 

cocytes, forming an elevated plaque over the strip of necrotic epithe- 
lium. 

Inclusions of the Guamieri body type were found in the bronchial 
epithelium in four of the non-immune animals inoculated with vac- 
cine virus. They are round or ovoid, give the characteristic staining 
reactions (acidophilic), are surrounded by a clear zone in the cyto- 
plasm and often indent the nucleus (Fig. 7). Despite extensive 
search Guamieri bodies were never found in the cells lining the 
alveoli or even in the epithelium of the alveolar ducts. Immune or 
control animals never showed inclusions. A great variety of frag- 
ments can be found in the degenerating bronchial epithelium and in 
the cells of the alveolar walls, some of which may be misleading; but 
if the characteristics mentioned above are strictly observed in the 
identification of Guamieri bodies, there can be no confusion. 

In one normal animal, after opening the trachea, we applied vims 
directly to a scarified area in the epithelium. Sections from this re- 
gion show a profusion of typical Guamieri bodies in the epithelial 
ceUs of the trachea, in every way similar to those found iu the 
bronchial epithelium of the animals with vims pneumonia, as illus- 
trated in Fig, 7. 

Immune Animals: The majority of the immune animals show few 
microscopic lesions characteristic of a vaccine vims pneumonia. A 
few lungs contain small collections of large mononuclear cells about 
the bronchi and blood vessels (Fig. 2). One animal, however, shows 
arge areas of consolidation in which the alveoli are stuffed with 
mononuclear cells and, in places, a little fibrin. The blood vessels 
and bronchi display lesions similar to those seen in the non-immune 
animals, but there are no inclusions. A zone of edematous tissue 
encircles these patches of pneumonia. 

Control Animals: No abnormal changes are seen in the lungs of 
animals injected with extracts of normal testicle. Animals inocu- 
lated with heated vims, or with vims admixed with immune semm, 
show slight reactions similar to those seen in the majority of the 
immvme animals. In the animals receiving herpes vims tiny collec- 
tions of mononuclear cells appear about small blood vessels and 
bronchi in a few places, but this reaction is much less than that seen 
in the immune animals injected with vaccine vims. 

Except in two discarded animals with positive lung cultures, bac- 
terial stains never revealed the presence of bacteria anywhere in the 
lungs, bronchi or blood vessels. 
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Discussion 

It seems justifiable to conclude that vaccine virus is capable of 
causing a characteristic pneumonia when introduced into the lungs 
of rabbits, although, apparently, this property is not common to all 
strains of virus. The absence or minimal intensity of the reactions in 
vaccine-immune animals, and the failure of emulsions of normal 
testicle to produce lesions justify attributing the lesions described to 
the action of %drus. Apparently, from the work of Haaland, certain 
non-specific substances are capable of causing lesions of a similar 
type, although such lesions were not encoimtered in the control ma- 
terial included in this study. Heated virus and virus admixed with 
immune serum caused slight reactions that were not to be compared 
vdth those resulting from the introduction of active virus. Acido- 
philic cytoplasmic inclusions were observed in the bronchial epithe- 
lium of only four animals, and in none of the immune animals or con- 
trol material, although it is possible that serial sections might have 
revealed their presence more frequently. The presence of numerous 
inclusions (similar to those seen in the bronchi of animals mth virus 
pneumonia) in the tracheal epithelium to which vaccine virus had 
been applied directly, leaves little doubt that they are true Guarnieri 
bodies. On the other hand, the numerous other granules seen in cells 
in the involved areas of the lungs could not be identified as Guarnieri 
bodies. 

The animals that we injected with herpes virus showed few 
changes; however, this virus also seems capable of producing severe 
pulmonary reactions. In experiments upon rabbits with the Frank 
strain of herpes virus, Hoffman ® produced a definite pneumonic 
process that was largely interstitial in character. The degree of the 
reaction varied in different animals, but some showed a massive 
consolidation. 

In view of the changes described in the blood vessels and capil- 
laries it might be natural to suppose that the dark red, infarct-like 
areas which were observed were true infarcts caused by thrombi 
forming in the damaged vessels. A careful study seems to show that 
they were not formed in this manner, but were probably due to the 
direct necrotizing action of the virus upon the cells of the alveolar 
walls in a localized area, leading to an escape of blood from damaged 
capillaries. Focal necrosis of cells lining the alveoli was seen before 
thrombi were visible in the capillaries. Furthermore, thrombi were 
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never present in arteries or veins even when leucocytes invaded all 
the coats of a vessel wall. Stewart and Duran-Re3aials ® hold a 
similar mechanism responsible for the focal liver lesions found in 
generalized vaccinia. 

The fact that Bose described neoplastic lesions becomes intelli- 
gible, when one encounters the enormous number of large mononu- 
clear cells that occasionally are seen in a lung, completely obliterat- 
ing the pulmonary alveoli, as illustrated in Fig. 3. 

It must be pointed out that the vaccine virus pneumonia is unlike 
the ordinary bacterial pneumonia commonly seen m rabbits. In the 
former the areas of consolidation are lobular in distribution and not 
diffuse. The cells of the alveolar exudate are exclusively large 
mononuclears, until necrosis takes place, when polymorphonuclear 
leucocytes appear. Plugs of polynuclear cells are never seen in the 
bronchi and seldom in the alveoli, and, of course, bacteria are never 
present. The lesions seen in the blood vessels are not found in bac- 
terial pneumonia; and finally, Guamieri bodies are present in the 
epithelial cells of the bronchi m a certain percentage of animals, al- 
though they are not necessary for the recognition of the virus 
pneumonia. 

Summary 

1. A characteristic form of pneumonia can be produced in rabbits 
by the introduction of vaccine virus into the lungs. The alveoli first 
contain coagulated albuminous fluid and fibrin, and later a cellular 
exudate composed principally of large mononuclear cells. Necrosis 
of the exudate and of the alveolar walls leads to hemorrhage and to 
the appearance of polymorphonuclear leucocytes. 

2. The perivascular lymphatics are distended with coagulated 
fluid. The walls of many of the larger blood vessels are edematous 
and often show a diffuse infiltration of all the coats with polymor- 
phonuclear leucocytes. 

3. Guamieri bodies have been demonstrated in the epithelial 
cells of the bronchi in four animals. 
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Plate lo 

. I. Virus pneumonia in normal rabbit forty-'eight hours after inoculation. 
The black zone at the right is the infarct-like lesion produced by necrosis 
and hemorrhage, while coagulated edematous fluid fills most of the re- 
maining alveoli. A scant cellular exudate can be seen in the light zone con- 
tiguous to the necrotic tissue, x 25. 

The insert is a higher magnification of the bronchus seen in the lower 
central portion of the low power field, and shows necrosis of a strip of 
epithelium, a l3miph follicle and adjacent lung tissue, x 100. 

2. Reaction in lung of vaccine-immune animal forty-eight hours after 
inoculation. Small foci of consolidation can be seen scattered throughout 
the section. These are mostly about bronchi and blood vessels. Note the 
absence of edema and necrosis, x 25. 

The higher magnification of one of these foci shows most of the cells to be 
large mononuclears, x 100. 
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In so cases of nephritis he found one or more enlarged parathyroid 
glands. Other authors, including MacCallum, have reported the 
coincidence of parathyroid enlargement with nephritis. Hoffheinz 
in 1925 collected 45 cases of parathyroid tumors; in 17 of these there 
was an associated generalized osteitis fibrosa cystica, 8 cases with 
osteomalacia, and 27 with various other bone diseases. 

The concept of the relation between tumors of the parathyroid 
gland and generalized fibrocystic disease has been changing within 
the last few years. 

Erdheim in 1911 put forth the hypothesis that the enlargement 
of the gland was a compensatory effort to assist in replacing lost 
calcium to the bones. This theory held sway for many years. 

In 1923 Dawson and Struthers stated that the glandular hyper- 
plasia was an effort to prevent the excessive excretion of lime salts 
and also control and prevent the development of an excess amount of 
guanidine, which was considered toxic. The first intimation that 
hyperparathyroid function might be a cause of generalized fibro- 
cystic disease of bones through withdrawal of calcium was in 1915, 
when Schlagenhaufer advised parathyroidectomy in two cases of 
generalized fibrocystic disease associated with a parathyroid tumor: 
Maresch favored the procedure but Bauer rejected the proposal. In 
1925 Mandl transplanted parathyroid tissue into a patient with 
generalized fibrocystic disease and the patient’s condition became 
worse. He then removed the transplanted parathyroid tissue and 
a parathyroid tumor, and there was improvement of the fibrocystic 
disease. Gold “ performed a parathyroidectomy in 1927, with simi- 
lar improvement of the patient’s bone disease. 

Barr and his coworkers ^ had a parallel case in 1929. Since this 
time there have been reported 23 cases of generalized fibrocystic 
disease of bones associated with parathyroid tumor, in each of which 
the tumor was removed, with subsequent improvement of the bone 
condition. 

Collip in 1925 described blood calcium elevation after parathor- 
mone was injected in dogs, and also an increase in blood phosphorus 
in parathyroidectomized rabbits. 

Greenwald and Gross in 1925,^^ and again in 1926,"® showed that 
daily parathormone injection of 100 units in animals elevated the 
serum caldum and caused excretion of urine calcium and phosphorus, 
the former to as much as six times normal. Hunter and Aub ^ also 



FIBROCYSTIC DISEASE OF THE BONES ASSOCIATED WITH 
TUMOR OF A PARATHYROID GLAFTD * 

REPORT OF A CASE 
Raymond S. Rosedale, M.D. 

{From the Pathological Laboratory of the Buffalo City Hospital, and the 
University of Buffalo, Buffalo, N. F.) 

Generalized fibrocystic disease of bone was first described as gen- 
eralized osteitis fibrosa cystica by von Recklinghausen^ in a Fest- 
schrift to Virchow in 1891. The earliest references we have to tumor 
of the parathyroid glands are those of De Santi^ in 1900 and Ben- 
jamins ® published in 1902; bone disease was not mentioned. Erd- 
heim ^ in 1903, Hulst ® in 1904, and MacCallum ® in 1905, also each 
reported a case without associated bone disease. Askanazy ^ re- 
ported finding a parathyroid tumor in association with osteitis 
deformans in 1904, and von Verebely ® reported a case of para- 
thyroid tumor with bone changes in 1907. Weichselbaum ® de- 
scribed a parathyroid tumor in 1906 without associated bone 
changes. Erdheim described three cases of osteomalacia with 
parathyroid enlargement in 1907* Thompson and Harris described 
a similar case in 1908. Seven cases of parathyroid tumor without 
mention of bone changes were collected and one of his own added by 
Da Costa in 1909. Bauer in 1911 reported a case of adenoma of 
the parathyroid in a 45 year old woman with a moderate degree of 
osteomalacia. In 1913 Molineus described osteomalacia in three 
elderly females, two of whom had each one parathyroid tumor, 
while the third had two distinct tumors of parathyroid tissue. Har- 
bitz in 1915 noted the “relationship between enlargement of the 
parathyroid glands, rickets and other diseases affecting the bones. 

Tumors of the parath5a:oid gland have been reported as coincident 
findings in several diseases. Bergstrand in 1921 reported tumor of 
the glands in nephritis, tetany, epilepsy, eclampsia and osteomalacia. 

* This case was reported in abstract before the Buffalo Pathological Society on 
February ig, 1932. 

Received for publication April 5, 1932- 
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ful pulsation of the neck vessels, and a fine tremor had been present for three 
years. A precordial pain had been interpreted at one time as pericarditis. Night 
and day frequency of urination was constant. 

The patient was an elderly, emaciated female with drawn and haggard fea- 
tures. The bony prominences and hollows were marked. The skull was seemingly 
larger than normal in contrast with the face bones. There was a slight exoph- 
thalmos and a suggestion of nystagmus; the sclerae had an icteric tinge. The 
neck vessels pulsated forcibly; a tender firm nodule was palpable in the lower 
lateral portion of the right A3rroid lobe. Most of the teeth were missing; the 
few remaining ones were carious. The heart was slightly enlarged to percussion, 
the left border measuring 8.5 cm. to left of the midline in the fifth intercostal 
space, and the right 3.5 cm. to the right of the midline in the fourth interspace; 
there were two cardiac murmurs, a mitral systolic blow and a rough aortic 
systolic. Extra systoles were frequent. The systolic blood pressure was 122, and 
the diastolic 68. No arteriosclerosis was detected. The muscles of the extremi- 
ties were atrophic, their tone poor. A slightly tender area was found over the 
lower third of the right tibia. The calcaneal regions were tender. 

Pulse and respirations were normal. The temperature occasionally rose to 
99.8 and 100° F. All other points of the anamnesis were negative. 

Laboratory Studies: Red blood cells 2,450,000; hemoglobin 58 per cent (Sahli) ; 
color mdex 1.2; white blood cells 10,100; differential normal. A series of blood 
calcium determinations 3delded 16.5, 13.82, 14-52 mg. per 100 cc. The blood 
phosphorus was 2.3 mg. per 100 cc. of blood. Urine: specific gravity ranged con- 
stantly between 1006 and 1013; albumin was 1 plus to 4 plus; occasional rare 
granular cast. Bence-Jones protein reaction was positive on one occasion and 
negative on another. Basal metabolic rate was within normal limits. The X-ray 
revealed cystic areas in the ribs, clavicle, scapulae, humerii, tibiae and mandible, 
vacuolization of the skull and a generalized loss of density of aU the bones. 

Biopsy material from the right tibia was obtained April 18, and was diag- 
nosed as fibrocystic disease of bone. 

On May 15, 1931, a tumor mass was removed from behind the right thyroid 
lobe. Local anesthesia was used. Following this the patient became stuporous 
with nervousness, apprehension, clonic twitchings of hand and face muscles, and 
could be aroused only by parathyroid and calcium therapy. The serum calcium 
determination on the same day, after 20 cc. of 5 per cent calcium chloride and 
2 cc. parathormone was injected intravenously, was found to be 9.2 mg. per 
100 cc. of blood. 

With the onset of dyspnea, cyanosis and vasomotor collapse, an acute urinary 
suppression supervened. A blood urea determination showed 68.5 mg. per 
100 cc. of blood. Death followed four days after operation. Autopsy was 
refused. 

Bone Biopsy 

The material received from biopsy* consisted of two fragments of 
bone each i cm. square and 3 mm. thick, and two bone fragments 
about 2 mm. in diameter, one minute piece of soft white tissue about 
I mm. in diameter, and some blood clot bulking about i cc. 

• The bone biopsy and the parathyroid gland tumor were submitted by Dr. II. N. 
Kcnwcll and Dr. Pietro Blanco of the Buffalo City Hospital. 
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found the same hypercalcemia with increased calcium excretion in 
man in 1926. 

Albright, Bauer, Ropes and Aub^® have demonstrated a negative 
calcium balance in animals and man receiving parathormone injec- 
tions. Finally, the disease picture, both gross and microscopic, of 
generalized fibrocystic disease of bones has been produced repeatedly 
by Jaffe, Bodansky and Blair, 2** and also by Byrom working with 
Hunter and Turnbull.®° More recently Johnson and Wilder re- 
ported that repeated injections of parathyroid extract produced in 
puppies and young rats uniform bone lesions characteristic of gen- 
eralized fibrocystic disease of the bones, and concluded that the dis- 
ease observed in man was due to an oversupply of parathyroid 
hormone with consequent loss of bone calcium. 

Thus the interrelationship of generalized fibrocystic disease of 
bone and hyperparathyroidism has gradually been established. We 
have found 31 reported cases of generalized fibrocystic disease of 
bones associated with enlargement of a parathyroid gland. Some of 
these were reported as hyperplasia, others as adenomas, and one 
as a malignant adenoma. All of these present definite clinical and 
laboratory data to establish further the causal relationship of these 
two conditions. One additional case is presented herewith. 

Case Report 

Clinical History: D. S., age 50 years, white, female, married housewife, 
entered the Buffalo City Hospital April 9, 1931, complaining of muscle aches, 
fatigability, pain about the knee joints and lower part of the right tibia, and loss 
of use of the lower limbs because of weakness. 

As a young girl she had had a goitrous swelling of the neck for which she was 
treated with iodine. Following this the swelling disappeared. At the age of 
27 years she had a periapical tooth infection that left her with a condition that 
was termed chronic osteomyelitis; this resisted all ordinary attention, a sinus 
persisting until a radical surgical procedure caused it to heal after two years. 

Constipation had been obstinate for thirteen years. Seven years ago she had 
what was interpreted as sciatica, the pain being in both gluteal regions. For the 
past three years a sense of soreness was present in both heels; this was aggra- 
vated by weight-bearing. She had lost 71 lbs. in weight in this three year 
period, the former maximum weight being 160 lbs. About three years prior to 
hospital admission she had had an attack of sharp, right upper quadrant pain 
with sudden onset and cessation, which was interpreted at the time as renal colic. 

For the last two years needle-like pain was experienced around the knees; for 
the past five months a pain was sensed over the lower third of the right tibia. 
This, aggravated by motion, has been present constantly. 

She had been conscious of a firm swelling in the right thyroid region, and more 
recently a sense of tightness. There had been no dysphagia. Nervousness, force- 
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As before, multinudeated cells or osteodastomata were seen, but 
they were not so large as those previously described, and they had a 
deeply staining nudeus. They were concentrated here more on the 
inner (marrow) aspect of the osteoid tissue. Between the limiting 
membrane of the osteodastoma and the surrounding structure there 
was in many instances a dear area. One received the impression 
that the osteoclastic activity here was about two or three times that 
of the osteoblastic process. 

One cc. of a brownish red fluid was obtained from a cyst in the 
right tibia during the biopsy. Direct smears of this showed an 
occasional Gram-positive short bacillus, thought to be contamina- 
tion. The Bivalta test was 4 plus. Cultures did not exhibit any 
bacterial growth. Smears of the fluid stained with hematoxyh'n and 
eosin showed many normal appearing red blood cells, about five 
lymphocytes per high power field, and a rare three or four-lobed 
polymorphonudear neutrophilic leukocyte. In one field there was 
seen a faintly pinkish gray, vacuolated, roughly circular “ghost” 
cell, which contained darker bluish pink, indistinctly outlined struc- 
tures. This looked as though it might be a degenerated osteodast. 

The tissue diagnosis was fibrocystic disease of bone. 

Parathyroid Tumor 

The nodule removed from the thyroid region was a piece of tissue 
that weighed 7 gm. This was irregularly elongated and somewhat 
V-shaped. It measured 2 cm. through its long diameter and 2.5 cm. 
across, and was dark brown in color. It appeared to be well en- 
capsulated. 

Sections of the tumor stained with hematoxylin and eosin ex- 
hibited a thin fibrous capsule from which bundles of connective tis- 
sue swept centripetally, septating the glandular parenchyma. A 
delicate fibrous reticulum supported the glandular cells. These re- 
solved themselves into several types. There were lobules of brighter, 
pinker staining tissue which were found to be chiefly large poly- 
hedral cells, with a moderate deeply staining granular cytoplasm and 
oval nuclei which w^ere a light pinkish blue with few granules. The 
cells had an alveolar arrangement in some fields, and the alveolar 
spaces contained a pinker staining, amorphous material. Scattered 
among these pale oxj’philic cells were basophilic or principal cells. 
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The sections stained with hematoxylin and eosin exhibited strands 
of osteoblastic tissue running at irregular angles from the periphery 
inward, forming a totally irregular pattern with no osseous struc- 
tures present. The cells of the strands had a very scanty, faintly 
staining cytoplasm; their nuclei tended to be round or oval, and had 
within them a deeply staining chromatin material within which 
darker granules were seen with the aid of the oil immersion objective. 
Some thin-walled vascular structures were found throughout the 
section. The above type of cells yielded gradually by transition to 
larger paler cells with paler staining nuclei, the cytoplasm being 
more abimdant and of a granular nature. Adjacent to and between 
these latter cells a mature fibrous reticulum was noted in a back- 
ground of homogeneously light gra5dsh pink vacuolation. Blood 
vessels in these latter areas were scarce, but here and there in the 
large vacuoles an isolated red blood cell was seen. 

In this and other sections multinucleated large cells were found 
scattered throughout the fields, but chiefly in and around the vas- 
cular, younger and more active appearing osteoblastic areas. These 
cells approximated 15 to 20 microns in diameter. The cytoplasm 
was stained a soft grayish pink and the nuclei pinkish blue; these 
were round and oval and situated eccentrically, and had sharp out- 
lines. They contained mostly a nucleolus and in some cases many 
small dark blue granules. The nuclei approximated about 4 microns 
in diameter. The greatest number of nuclei counted in any one giant 
cell was 28; the least number was 5. The cytoplasm of the multi- 
nucleated cells was irregularly and faintly outlined and within the 
cytoplasm of several of them fragments of red blood cells were seen. 

In another section of bone the osseous tissue had been partly re- 
placed by osteoid tissue stained a light pink, and in some places a 
deeper bluish pink. The homogeneity of the osteoid tissue was 
broken only by irregularly situated elliptical cells in lacunae. These 
cells had scant cytoplasm and oval nuclei with poorly staining chro- 
matin material. 

Between the osteoid areas, and dipping into them in finger-like 
processes were groups of osteoblasts and fibrous tissue strands. At 
the periphery of the osteoid tissue the osteoblasts were larger than 
elsewhere, the cytoplasm was clear and the nuclei were stained a 
deep blue. The cells dose to the areas of osteoid tissue were larger 
and had more deeply staining chromatin than those farther away. 
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These latter had slightly larger nuclei which stained a purplish blue 
and contained coarse granules. In one section basophilic cells formed 
alveoli containing an amorphous acidophilic substance. The prin- 
cipal or basophilic cells were scanty in number and the cell mem- 
brane was not clearly seen. Occasionally an addophilic ceU was seen 
among the nests of basophilic cells. 

An iron stain, using the Prussian blue reaction, showed some 
small granules of black material in some of the connective tissue 
septae. 

A fat stain (scharlach R) revealed some intercellular fat globules, 
mostly in a region of the chief cells, but also in some of the capillaries. 

Small, thin-waUed capillaries were frequently seen among groups 
of cells. There was one field that showed cystic change with a 
brownish staining pigment in the cystic areas and in the surrounding 
connective tissue structures. No mitoses were seen. Only two 
types of glandular cells were noted. No evidence of irregularity of 
the cellular proliferation was noted. 

The tissue diagnosis was adenomatous hypertrophy of a para- 
thyroid gland, with cystic degeneration. 

Summary 

1. The literature concerning the development of the concept of 
the relation of generalized fibrocystic disease of bones to hyperpara- 
thyroidism has been reviewed. 

2. A case of generalized fibrocystic disease of bone in correlation 
with a tumor of parathyroid gland has been presented. 

The author is indebted to Dr. WiUiam F. Jacobs, Pathologist- 
in-Chief of the Buffalo City Hospital for the use of this material, 
and for his criticism in its development. 
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Plate ii8 

Fig, I. Bone biopsy. Hematoxylin and eosin stain. Hyperchromatic osteo- 
blasts are seen at the edge of one island of osteoid tissue. Osteoclastomata 
appear at the periphery of another osteoid island. There is a considerable 
degree of fibrous tissue between the osteoid structures. 

Fig. 2. Parath3T:oid tumor. 

Fig. 3. Parath3T:oid tumor. Hematoxylin and eosin stain. 
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Fig. 3. Coagulated edematous fluid and fibrin filling the alveoli. Normal rab- 
bit twentj’’-four hours after inoculation, x 150. 

Fig. 4. Cellular exudate composed principallj’’ of large mononuclear cells. 
Normal animal forty-eight hours after introduction of virus, x 400. 
Insert shows mitotic figures in cells lining the alveoli, x 900. 
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A STUDY OF THE PATHOGENICITY OF THE BACILLUS 
OF CALMETTE-GUfiRIN (B.C.G.) * 

William H. Feldman, D.V.M., M.S. 

(From the Division of Experimental Surgery and Pathology, The Mayo Foundation, 

Rochester, Minn.) 


In the use of a living microorganism as a means of establishing an 
inunune state that will be of definite protective value against spon- 
taneous infection of a virulent bacterium, it is important that the par- 
ticular microorganism used for vaccination be devoid of the ability 
to produce lesions of a progressive character. According to Calmette 
and Plotz ^ the particular bacillus of tuberculosis, known popularly 
as B.C.G., is definitely and permanently innocuous, although it is 
recommended that to ensure the perpetuity of the avirulent state 
the organism should be grown on glycerine-broth-potato medium 
with a change at certain intervals to glycerinated ox bile-potato 
medium, or the liquid medium of Sauton. 

The contention that the avirulence of B.C.G. is of a fixed char- 
acter has provided an impetus for considerable experimental work 
in an attempt to determine the validity of Calmette’s assertions. 
The reports of Watson, ^ Petroff,^ Hutyra,^ Kraus,®’ ® Malkani,^ and 
others would indicate that under certain conditions unquestionable 
evidence of pathogenicity of varying degrees may occasionally occur 
in experimentally exposed animals. On the other hand, the results 
of the investigations of Remlinger and BaiUy,® Okell and Parish,® 
Gerlach,^® Haring and his coworkers,^^ and Grffith would indicate 
that Calmette’s claim for the avirulence of B.C.G. is essentially 
correct. 

The attempts to demonstrate the pathogenic propensities of the 
bacillus of Calmette-Guerin by the foregoing writers were done for 
the most part with cultures that were grown according to the pro- 
cedure recommended by Calmette. Since, however, as pointed out 
by Petroff, all control of the environment of the organism is lost 

* Read by title before tbe American Association of Pathologists and Bacteriologists, 
Philadelphia, Pa., April 29, 1932. 
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when it enters the animal body, a microorganism intended for vacci- 
nation should maintain a condition of avirulence regardless of various 
environmental influences to which it may be exposed. It there- 
fore becomes exceedingly pertinent to know something of the bio- 
logical behavior of B.C.G. after it is grown on culture mecfla different 
from those approved by Cahnette. In this regard the work of 
Sasano and Medlar is of interest. Although these observers found 
that guinea pigs and rabbits could be inoculated with as much as 
20 mg. of B.C.G. grown on bile-glycerine-potato medium without 
evidence of progressive tuberculosis, marked virulence was noted 
after their particular strain of the organism had been cultivated on a 
modified Sauton medium adjusted to pH 7.2 to 7.4 just prior to 
inoculation. Immediately before inoculation 10 per cent normal, 
unheated rabbit serum was added to the medium. The medium was 
seeded with a portion of a bile-glycerine-potato culture of B.C.G. 
which was procured in 1926 from Dr. W. H. Park of New York 
City and subcultures were made every four weeks. At the time of 
each subculture 2 rabbits were usually inoculated intravenously 
with I mg. of the culture. Beginning with the third subculture, ii 
rabbits were inoculated to and including the eighth subculture, and 
marked tuberculous lesions were observed in each of the rabbits. 
Acid-fast bacilli were numerous in the tissue in aU cases, with the 
disease most pronounced in the lungs. The spleen and kidneys were 
also affected, although lesions were not conamon in the liver. The 
infected rabbits died m from eleven to fifty days; most of them died 
in from twenty to thirty days after inoculation. Animal inoculations 
from Subcultures i and 2 were not mentioned. Pathogenicity of the 
subcultures grown on the modified medium of Sauton was also 
demonstrated for guinea pigs and for calves. 

Sasano and Medlar wrote: “B.C.G., when grown under the en- 
vironment which we succeeded in establishing, has evidenced a 
virulence greater than any other culture of tubercle bacillus we have 
had in our laboratory.” They concluded that B.C.G. is not a fixed 
virus and that the stability of its state of virulence depends entirely 
on its environment. 

The striking results obtained by Sasano and Medlar caused 
Boquet of the Pasteur Institute to attempt to duplicate the experi- 
ment. The medium of Sauton was prepared according to the pro- 
cedure followed by Sasano and Medlar, and three series of subcul- 
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tures were prepared using three different strains of B.C.G. At the 
time of making each subculture, guinea pigs and rabbits were in- 
oculated, the former subcutaneously and intraperitoneally and the 
latter intravenously. Sixty-nine guinea pigs and 33 rabbits were 
inoculated with the respective subcultures, and although the dosage 
used was ten to fifteen times greater than was used by Sasano and 
Medlar, autopsy of the animals did not reveal the slightest evidence 
of tuberculosis. Having failed to confirm the observations of Sasano 
and Medlar, although the same technique was used, Boquet was 
of the opinion that although it is possible that some investigator in 
the future might succeed in modifying the pathogenicity of B.C.G. , 
irrefutable proof of such modification has not as yet (1931) been 
recorded. 

The remarkable divergence of the results obtained by what were 
presumably identical procedures makes it impossible to predict with 
certainty what influence, if any, the environment furnished by the 
medium of Sauton, as modified by Sasano and Medlar, may have on 
the virulence of B.C.G. It is of importance that the exact status of 
this question be established by further work. 

Dreyer and Vollum,^® by subculturing two different strains of 
B.C.G. in large volumes of a simple veal broth-peptone medium, 
observed definite evidence of pathogenicity. One of the strains had 
previously been maintained on egg media for several generations and 
was considered completely avirulent for laboratory animals. Viru- 
lence of surprising severity for both rabbits and guinea pigs was 
observed when subcultures were grown in the depths of the bouillon 
mentioned. The resultant infection was progressive and was rein- 
oculable. The second strain of B.C.G. investigated had been grown 
on potato medium prior to coming into the possession of Dreyer and 
VoUum. Of 56 guinea pigs inoculated with deep bouillon subcultures 
of the strain, definite progressive tuberculous lesions developed in 5. 
Although the degree of vinilence in the second strain was much 
inferior to that observed in the first, it nevertheless exhibited a 
decided increase in pathogenicit}'' after propagation in the depths of 
the bouUlon mixture. Dreyer and Vollum were inclined to believe 
that the difference in virulence of the two strains was due to factors 
inherent to the respective microorganisms. 

In January, 1930, a strain of B.C.G. (bovine origin) was obtained 
from Calmette. The organism was growing on glycerine-broth- 
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potato medium and was continued on a similar medium, prepared in 
my laboratory, until October, 1930. Subcultures were made every 
four weeks. Tests for pathogenicity were made by injecting 4 guinea 
pigs with a suspension prepared from the first subculture made from 
the original culture obtained from France. At autopsy none of the 
guinea pigs revealed lesions of a tuberculous nature. 

After continuing the culture for nine months on glycerinated 
broth-potato medium, an experiment was planned to determine 
what efiects a glycerinated egg medium might have on the virulence 
of the organism. 

Methods 

Ciillure Medium: The medium used was a modified formula of 
that described by Miraglia and consisted of a mixture of egg yolks 
and 6 per cent glycerinated water.* Transfers were made about the 
twenty-fifth of each month and the tubes were incubated at 37° C 
until a luxurious growth appeared. This usually required about two 
weeks. After a satisfactory growth was obtained the cultures were 
placed in the refrigerator where they remained until suspensions 
were prepared for inoculation of animals. 

Bacterial Growth: Throughout the period necessary to attain 
fifteen generations of the organism on the glycerine-egg yolk medium 
there was no appreciable change in the gross physical character of 
the culture. It consisted of numerous dry, discrete, grayish white 
colonies which eventually assumed a slight pinkish tinge. As growth 
continued those colonies in close proximity became somewhat con- 
fluent due to the uneven pUing up of the bacterial masses. A diffuse, 
smooth or spreading type of growth was not observed. 

Bacterial S:ispc 7 isio 7 is: Portions of the growth were placed in a 

• This medium is prepared as follows: (i) Seven medium-sized, strictly fresh eggs 
are washed in water and immersed lo minutes in 8o per cent alcohol. (2) A portion 
of the shell at one end of the respective eggs is broken away carefully and with sterile, 
sharp pointed scissors the membranous sac is punctured; after discarding the egg-white, 
the }’olk is discharged into a sterile mixing bowl. (3) To the egg yolks 100 cc. of a 6 per 
cent glycerine solution prepared as follows is added: glycerine 24 cc., distilled water 
500 cc. sterilized in the autoclave for 15 minutes at 15 pounds pressure; the solution 
is autoclaved in roo cc. portions and stored for future use. (4) The egg yolks and the 
glycerine solution arc thoroughly mixed with a sterile egg beater and tubed in sterile 
apparatus. Precautions should be taken to minimize possible contamination. Steriliza- 
tion is done in the Arnold sterilizer or the inspissator; the first day at 75" C until solidi- 
fied, then at S5” C for i hour, and the second, third, and fourth days at 75° C. Before 
using, the medium should be incubated for 2 days at 37° C. 
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sterile mortar and mixed with a few drops of sterile physiological 
sodium chloride solution. By the use of a pestle a suspension was 
obtained which was purposely made rather dense. Using additional 
amounts of physiological sodium chloride solution, a suspension was 
secured comparable in density to Tube lo of the McFarland nephe- 
lometer. This was permitted to remain for a few hours in the re- 
frigerator to enable the larger clumps to settle to the bottom. The 
suspension was then ready for use. 

Animal InocnJations: With the exception of the first subculture on 
the glycerine-egg medium, 4 guinea pigs were inoculated from the 
suspensions prepared from each of the respective subcultures. From 
the first glycerine-egg subculture 2 guinea pigs were injected, i sub- 
cutaneously and I intraperitoneally. The animals were obtained 
from our own breeding pens and were usually young adults. Each 
lot of 4 animals was injected as follows: 2 intracerebraUy, each ani- 
mal receiving 0.4 cc. of the bacterial suspension; i subcutaneously, 
and I intraperitoneally, each receiving i cc. of the bacterial sus- 
pension. The intracerebral injections were made according to a 
method described previously.^® After inoculation the guinea pigs 
were placed two in a cage and housed in a building apart from the 
structure in which animals used for experimental tuberculosis are 
kept. They were cared for by an attendant whose duties precluded 
the possibility of an inadvertent exposure to the germ of tuberculosis, 
and were fed the regular food provided for the other guinea pigs 
maiotained at the institution. 

The inoculated animals were observed daily and dead animals 
were usually examined either immediately or within a few hours 
after death. The inoculated animals were permitted to live for a 
period of from six months to one year after injection unless they 
died. At the time of autopsy, portions of the principal organs were 
placed in 10 per cent neutral formalin solution regardless of whether 
or not there was gross evidence of disease. Sections were prepared 
from the respective tissues and appropriately stained to reveal the 
presence of acid-fast bacteria. Attempts were also made to culture 
acid-fast bacteria that might have been present. Ordinarily only one 
tissue from each animal was used for cultural purposes. The cultural 
procedure followed was to treat portions of the emulsified tissue 
with 5 per cent oxalic acid as recommended by Corper and Uyei 
and seed the material on glycerinated egg yolk media. 
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Tuherculin Tests: In a moderate number of instances guinea pigs 
were injected intradermally with o.oi cc. of mammalian tuberculin 
prepared by diluting Koch’s old tuberculin with equal parts of 
physiological sodium chloride solution. The tuberculin tests were 
usually administered thirty to sixty days subsequent to the inocu- 
lations with suspension of B.C.G. 

Results 

An analysis of data pertaining to the respective guinea pigs in 
this experiment disclosed that up to March 31, 1932, 43 of the ani- 
mals died, II were killed and 4 are stiU living (Table I), Among the 

Table I 

Summary of Results Following the Inoculation of Guinea Pigs with B.C.G. 


Intracerebral inoculation 28 

Intracerebral inoculation in which tuberculous lesions were found in the 

brain or the spleen 9 

Subcutaneous inoculation 15 

Subcutaneous inoculation in which tuberculous lesions developed i 

Intraperitoncal inoculation 15 

Intraperitoneal inoculation in which tuberculous lesions developed i 

Total number of animals in which tuberculous lesions were observed 
(approximately 19 per cent) rr 

Animals dying spontaneously 43 

Animals killed ir 

Animals still living 4 

Total 58 


animals that died, death occurred subsequent to inoculation as fol- 
lows: 8 guinea pigs one to thirty days; ii guinea pigs thirty-one to 
sixty days; 7 guinea pigs sixty to ninety days; ii guinea pigs ninety 
to 180 days, and 6 guinea pigs 181 days to one year. The manner of 
injection did not seem to have significant bearing on the time elaps- 
ing before death. 

Although gross lesions of a tuberculous character were not dis- 
cernible at autopsy, significant lesions were found by subsequent 
microscopic study in 11 of the animals (Table II); 9 of these ii had 
been inoculated intracerebrally, i had been inoculated subcutane- 
ously and I intraperitoneally. In six instances in which the bacteria 
had been introduced into the brain, multiple and well defined tuber- 
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culous lesions were present in the spleen and in the brain.* That a 
tuberculous infection primary in the substance of the cerebrum may 
subsequently cause lesions in the spleen was conclusively demon- 


Table n 

Summary of Cases in which Tuberculous Lesioyis Developed Following Inoculations with 
B.C.G. All Animals Died Spontaneotisly 


Animal 

No. 

Inoculation 

Generation 
of sub- 
culture on 
glycerine- 
egg 

medium 

Days 

before 

death 

Distribution of lesions 

Results of culture 

II 

Intracerebral 

4th 

14 

Brain, liver and spleen 

Brain positive 

12 

Intracerebral 

4th 

14 

Brain and spleen 

Brain positive 

18 

Intraperitoneal 

Sth 

44 

Spleen 

Spleen positive 

23 

Intracerebral 

7th 

14 

Brain 

Brain positive 

24 

Intracerebral 

7th 

31 

Brain and spleen 

Brain positive 

28 

Intracerebral 

8th 

26 

Brain, spleen and liver 

Brain and spleen 
positive 

SI 

Intracerebral 

14th 

38 

Brain and spleen 

Brain positive 

52 

Intracerebral 

14th 

32 

Spleen i 

Brain positive 

SS 

1 

Intracerebral 

iSth 

52 

Brain 

Brain positive 

S6 

Intracerebral 

iSth 

74 

Brain and spleen 

Brain positive 

57 

Subcutaneous 

ISth 

34 

Spleen 

Spleen positive 


' HistoloRical sections were prepared from only half of the brain. The other half yielded a culture of 
acid-fast bacilli. 


strated by previous work.^® Therefore, the observation in this study 
of tuberculous lesions in the spleen as a consequence of a primary 
infection of the brain was not considered unusual. 

A summary of the autopsy data, pertaining to the 54 guinea pigs 
that died or were killed subsequent to inoculation with the suspen- 

*No lesion was considered tuberculous unless acid-fast bacilli could be demonstrated 
in suitably stained histological sections, or acid-fast bacilli obtained m cultures pre- 
pared from tissue containing the lesions. 
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sion of B.C.G., shows that 30 of the animals were without demon- 
strable lesions. The major lesions noted in the remaining animals 
were; pneumonia, 6 animals; enteritis, 2 animals; purulent adenitis, 
non-tuberculous focal splenitis, hydrocephalus, peritonitis, hydro- 
thorax, each I animal; and tuberculous lesions, ii animals. 

Tuherculin Tests: The attempts to demonstrate an allergic state 
by the intradermal injection of mammalian tuberculin were without 
signi&cant results. In only a few instances were suspicious or slight 
positive reactions observed. Occasionally a small area of marked 
induration occurred, but in no instance was a typically positive 
reaction obtained. 


Pathological Histology 

The lesions of the brains of the animals that died within two weeks 
were usually conlSned to the sulci, although in a few instances there 
was a limited involvement of the pia mater (Fig. i). Brains of ani- 
mals in which the infection had existed for a longer period revealed 
lesions that extended rather diffusely into the depths of the cerebral 
tissue (Fig. 2). The lesions, which were composed largely of mono- 
cytic cells, had a perivascular inception and were not circumscribed 
or encapsulated. Infrequently lesions were observed in which casea- 
tion necrosis was beginning. Giant cells of the Langhan’s type were 
seldom seen, and the relatively short duration of the disease appar- 
ently seemed to have precluded the deposition of mineral salts in the 
necrotic areas. Acid-fast bacilli were numerous in practically all of 
the lesions of the brain. The monocytic cells for the most part re- 
tained their immature characteristics and in only one instance did 
the cells show a tendency to assume an epithelioid appearance. This 
was observed in the brain of Guinea pig 55, which died fifty-two 
days after inoculation. 

The splenic lesions were multiple. They began in the splenic cor- 
puscles and many extended peripherally to the outer confines of 
these structures, replacing the lymphoid elements as a consequence. 
The splenic pulp was seldom violated (Fig. 3). Encapsulation was 
not apparent and only a minimal amount of necrosis had occurred. 
The cellular elements constituting the respective lesions were mainly 
monocj’^tic, but imlike those observed in the brain there was a 
marked tendency' for many of the cells to assume an epithelioid ap- 
pearance (Fig. 4). Giant cells of the Langhan’s type were too infre- 
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One might ejqpect the intracerebral route of inoculation to be a more 
vulnerable portal of entry than the intraperitoneal or subcutaneous 
route; therefore it seems most unusual that lesions should develop in 
one animal of a group after subcutaneous or intraperitoneal injec- 
tion, and that lesions had not developed in one or both of the animals 
that received portions of the same suspension intracerebraJly when 
examined at autopsy months later. This happened in the case of the 
guinea pig given injections of the suspension prepared from the fifth 
subculture of the organism grown on the glycerine-egg medium. 
Animal No. 18, injected intraperitoneally February 12, 1931, died 
forty-four days later with definite tuberculous lesions in the spleen 
from which a culture of acid-fast bacilli was obtained, yet in none of 
the other 3 animals in this group were lesions established that could 
be demonstrated either grossly or microscopically. One of the ani- 
mals given intracerebral injections was living almost a year later 
and was finally killed for autopsy. 

Individual susceptibility, rather than a general increase in the 
virulence of the organism, would seem the most logical e^lanation 
for the occurrence of the tuberculous changes observed in this study. 
The general physical condition of the respective animals in which 
lesions were found was not below that which obtained for cage mates 
that were devoid of lesions. The resistant state of the animals did 
not appear to be influenced by, or to be dependent on, factors per- 
taining to foodj care or environment. In fact, the animals in which 
lesions occurred were generally in good, if not excellent, physical con- 
dition at the time of death, as judged by the plumpness of muscula- 
ture. The reason why lesions developed in some animals and not in 
others cannot be explained satisfactorily. 

When one considers the length of time Calmette and his collabora- 
tors cultured B.C.G. on the glycerinated bile-potato medium before 
the organism attained its present state of reduced virulence, it is not 
surprising that marked reversion did not occur after subculturing 
for fifteen generations on the glycerine-egg medium. It would seem 
logical to assume, however, that since a diminution of virulence oc- 
curred by prolonged cultivation on the virulence-reducing glycerine- 
ox bUe-potato medium, an extended tenure on a favorable medium 
might bring about restoration of the initial virulent state. This 
hypothesis justifies a continuation of this work. 

Failure to establish a progressive tuberculous infection by the re- 
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quent to be significant. Many acid-fast bacilli were demonstrable 
among the cells of the splenic lesions, although for the most part the 
organisms were not so numerous as in the cerebral tissues. 

The lesions of both the brain and the spleen were indistinguishable 
from those of comparable duration in these organs following the 
experimental introduction of virulent mammalian strains of Myco- 
lacterium tuberculosis. The histopathology was typically that of an 
early progressive tuberculous process with little if any evidence of a 
significant inhibitory mechanism. 

Reinoculation of Infective Material 

Several attempts were made to transmit the disease to other ani- 
mals by emulsions of tissue of animals that had died, or by pure cul- 
tures of acid-fast bacilli obtained from the organs of animals possess- 
ing lesions of a significant character. Generous amounts of the in- 
oculum containing enormous numbers of acid-fast bacilli were used 
for inoculation and in most instances rabbits, in addition to guinea 
pigs, were inoculated. The guinea pigs were inoculated either sub- 
cutaneously or intraperitoneally, and the rabbits intravenously. 
Although a few of the animals died within the first sixty days after 
inoculation the greater number survived to be killed at the expiration 
of six to eight months.* At the time of writing, none of these at- 
tempts to induce lesions of tuberculosis by injecting into animals 
viable acid-fast organisms obtained from lesions of guinea pigs pre- 
viously inoculated with B.C.G. has been successful. 

Comment 

The data obtained from these experiments do not afford evidence 
that the particular B.C.G. strain used has experienced a progressive 
increase in pathogenicity sufficient to account for the tuberculous 
lesions that were found. The bacteria that incited lesions were ob- 
tained from glycerine-egg media. Subcultures Nos. 4, 8, 14 and 

15 j yet the animals inoculated with Subcultures Nos. 1, 2, 3, 6, 9, 10, 
II, 12 and 13 were without demonstrable lesions of tuberculosis. It 
is worthy of note that not all of the animals that were inoculated 
manifested tuberculous lesions even though one or two may have. 


* Several animals are still under observ'ation. 
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Summary and Conclusions 

Using a strain of B.C.G. obtained from Calmette of the Pasteur 
Institute, a deliberate attempt was made to increase its patho- 
genicity by subculturing the organism on a glycerinated egg medium. 
Transfers were made every thirty days. From each succeeding sub- 
culture 4 guinea pigs were given injections — 2 in tracer ebrally, 1 
subcutaneously, and i intraperitoneally. The report deals with data 
obtained after the organism had been subcultured on glycerinated 
egg medimn for fifteen generations. 

Of a total of 58 guinea pigs inoculated, lesions histologically indis- 
tinguishable from those of genuine tuberculosis occurred in the tis- 
sues of II, and cultures of acid-fast bacilli were obtained from each. 
Although the majority of the lesions occurred in animals that had 
been given intracerebral injections, i animal that was given an in- 
traperitoneal injection and another given a subcutaneous injection 
died with lesions of a tuberculous nature. So far, attempts have 
failed to promote a succession of tuberculous lesions by the rein- 
oculation into guinea pigs of infective material from lesions. 

The particular strain of B.C.G. studied is not devoid of patho- 
genicity for guinea pigs, and the assertion that the organism is in- 
nocuous cannot be accepted without reservations. 

Subculturing the organism on glycerinated egg medium at 
monthly intervals for a period of fifteen generations did not mark- 
edly enhance its virulence. 
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inoculation of animals with infective material obtained from guinea 
pigs with definite tuberculous lesions provides an illustration which 
invalidates the conclusion that the virulence of the particular strain 
of B.C.G. used in this study has materially increased as a conse- 
quence of a prolonged residence on the glycerine-egg medium. Until 
it is possible consistently to promote tuberculous lesions by the re- 
inoculation of such material, the pathogenic propensities of the 
organism remain problematic. On the other hand, to assert that the 
bacteria are entirely innocuous would hardly be acceptable on the 
basis of unquestionable evidence of pathogenicity in at least ii of 
the guinea pigs. It is true that rather large doses of the bacterial 
suspensions were injected into the respective animals, but the sub- 
sequent development of tuberculous lesions in approximately 19 per 
cent of the guinea pigs inoculated is hardly a neghgible circumstance. 
It seems pertinent to note also that inability to infect additional 
animals by the reinoculation of material from these lesions did not 
appreciably mitigate the severity of a disease that was characterized 
by the formation of definite tuberculous lesions and the eventual 
death of the respective animals. Whether or not it is possible to 
induce progressive tuberculosis that is reinoculable, the fact remains 
that the particular strain of B.C.G. studied, when introduced into 
guinea pigs in large amounts, not infrequently incited a tissue re- 
action of a tuberculous character that apparently resulted in death. 
In other words, s im ply because the disease was not transmissible by 
reinoculation did not make the lesions any less real in the respective 
animals in which lesions were found. 

This study emphasizes the necessity of the examination of prop- 
erly stained histological sections before a decision is made on the 
tuberculous or non-tuberculous content of a tissue. Decisions based 
on the gross appearance of a given tissue are frequently fallacious. 
In none of the tissues observed in this study could gross evidence 
of tuberculosis be seen, yet definite tuberculous lesions were eventu- 
ally found in II of the animals. In work of this kind tissues should 
be preserved from every animal at autopsy in order that significant 
lesions may not be overlooked. 



DESCRIPTION OF PLATES 


Plate 119 

Fig. I. Cerebral meningitis of Guinea pig 55. Animal died fifty-two days after 
intracerebral injection of a suspension of B.C.G. Culture was the fifteenth 
generation grown on glycerinated egg medium. Lesion is essentially a 
monocytic reaction. Acid-fast bacilli were present in the lesion, x 130- 

Fig. 2. Multiple lesions in the brain of Guinea pig 28. Animal died twenty-six 
days after intracerebral injection of a suspension of B.C.G. Culture was 
the eighth generation grown on glycerinated egg medium. Many acid-fast 
bacteria were present in the cerebral lesions and the spleen was also 
affected (see Fig. 3). x 140. 
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Plate 120 


Fig. 3. Spleen of Guinea pig 28. The splenic lesions were multiple and were 
composed largely of epithelioid cells, A culture of acid-fast bacilli was 
obtained from an emulsion prepared from a portion of this spleen, x 170. 

Fig. 4. Focal lesion consisting largelj’’ of epithelioid cells occupying a splenic 
nodule (Guinea pig 18). Animal died forty-four days after infraperitoneal 
injection of B.C.G. The culture was the fifth generation on glycerinated 
egg medium. Cultures of acid-fast bacilli were obtained from an emulsion 
prepared from a portion of this spleen, x 120. 
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Plate 12 


Fig. 5. Arterial lesion in lung of normal rabbit after forty-eight hours. The 
perivascular lymphatics are distended and contain a few clumps of cells. 
An edematous swelling has produced vacuoles in the media. The entire 
lower wall is infiltrated with polj'morphonuclear leucocytes, and the intima 
in this region is lifted away from the media by a collection of cells, x 90. 

The details of this can be seen in the insert which is a higher power of the 
lower wall, x 250. 

Fig. 6. Necrosis of exudate and alveolar walls, with escape of red blood cells 
is seen in the lower half of the picture. The alveolar walls in the upper por- 
tion are still intact, though man}-^ of the nuclei are p3’^knotic. Normal ani- 
mal forty-eight hours after introduction of virus, x 150. 



TWO SIMPLE METHODS FOR THE SILVER IMPREGNATION OF 
NERVE FIBERS IN PARAFFIN SECTIONS OF THE CENTRAL 
AND PERIPHERAL NERVOUS SYSTEM * 

Nathan Chandler Foot, M.D. 

{From the Department of Pathology, College of Medicine, University of Cincinnati attd 
Cincinnati General Hospital, Cincinnati, Ohio) 


Most pathologists will agree that the methods hitherto devised 
for the silver impregnation of nerve fibers have been of such a nature 
as to inspire a certain degree of hesitancy, not to say awe, in the 
average laboratory worker. Up to the present time it appears that 
there is but one method available for the silver impregnation of 
nerves in paraffin sections, that of Rogers,^ which is of recent date; 
otherwise one has been thrown back on block or frozen section im- 
pregnations which require a certain amount of skill and practice for 
their execution, and have the tendency to be somewhat capricious 
and uneven and, hence, to intimidate the beginner in silver 
technique. 

In this paper two methods are described that afford the oppor- 
tunity for impregnating nerve fibers and fibrils in the brain, cord and 
peripheral nerve trunks under ordinary circumstances of paraffin 
sectioning; one of them is a modification of the Ramon y Cajal block 
impregnation and the other is a practically unmodified Rogers 
technique. Rogers designed this for the demonstration of non- 
meduUated nerve terminals, especially motor endings. All that has 
been done here is to apply his procedure to the central nervous 
system and to try a few experiments with fixatives that he had not 
mentioned. 

The Silver Nitrate Method 

Fixation After experimenting with about eight different t3qDes of 
fixative, it has been found that the best results are obtainable with 
a Camoy’s solution that contains no mercury and is made up of 
absolute alcohol 6 parts, chloroform 3 parts and glacial acetic acid 
I part. The chloroform and alcohol may be kept mixed and the acid 
added in the proper proportion when it is desired to fix tissue, other- 
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wise the mixture becomes rapidly converted into ethyl acetate if 
the add be added immediately and the fluid kept in stock. This 
fixative dissolves out the lipids from the nervous tissue and leaves 
the nerve fibers slightly shrunken but of rmiform caliber and with an 
advantageous index of refraction, so that they stand out clearly. 
The tissue is fixed for 24 hours, transferred to absolute alcohol for 
an hour or so and then run through chloroform and chloroform- 
paraffin into paraffin. 

Pretreatmeni: The sections are deparaffinized with xylol and 
absolute alcohol in the usual way and they are then left for i to 12 
hours in a mixture of p)Tridin 2 parts to glycerol i part. They are 
then washed in 95 per cent alcohol, followed by distilled water, to 
remove most of the pyridin. A trace of this does not appear to make 
any difference in the ultimate result. 

Impregnation : The slides are then immersed in 10 per cent aqueous 
silver nitrate and the staining box set on the warm-plate of an 
incubator run at 37®C for 12 hours or so, the box being covered to 
prevent evaporation. They are then washed in 2 changes of distilled 
water. The impregnating fluid may be used repeatedly and kept in 
the incubator. 

Development: The sections are developed for 20 minutes in a $ per 
cent neutral formalin solution containing 0.5 per cent pyrogallol, 
in which they turn yellowish brown. They are then washed at the 
tap. The developer is prepared fresh for each box of slides. 

Toning: Two toning solutions are available: for general purposes 
a i: 500 aqueous gold chloride is used; added nuclear precision with 
less intense glial impregnation is obtained if 2 per cent glacial acetic 
acid be added to this. Five minutes’ toning is sufficient to replace 
silver with gold. The solution keeps for some time and may be used 
until its effects are visibly weakening. 

Intensifying: This important step, devised by Laidlaw,® consists 
in further reducing the gold by means of immersion for 5 minutes 
in oxalic acid; in this case it has been found best to add formalin, 
so that a i per cent neutral formalin solution contains 2 per cent 
oxalic acid. The sections, which have become blackish, grayish or 
brouTiish in the toning bath, turn a pleasant violet in this intensifier. 
They are then well washed at the tap, to prevent precipitating out 
sulphur from the hypo bath that follows. The intensifying bath may 
be used repeatedly over long periods of time. 
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Fixing and Mounimg: The sections are fixed for 5 minutes in a 5 
per cent aqueous solution of sodium thiosulphate, washed at the 
tap, dehydrated in ascending percentages of alcohol, run through 
xylol and mounted in Canada balsam. 

The Rogers Technique 

Fixation: Neutral formalin has been found to be the best, which is 
a great advantage to the routine pathologist; the fixative employed 
in the preceding method may also be used. Rogers recommends 
dehydrating the tissue, after washing, in ascending percentages of 
alcohol to which i to 2 per cent of strong ammonia has been added, 
then placing it in pure absolute alcohol for a few hours and embed- 
ding as usual. While this gives excellent results in mixed tissues, it 
is found to cause,some swelling and distortion in brain sections and 
it is not necessary in any event for the demonstration of nerve fibers 
unless their end-plates are to be brought out. The modified Camoy 
fixative gives good results where coarser, meduUated fibers are to be 
shown; neutral formalin being better for finer, non-meduUated fibers. 

Pretreatment: After deparaffinizing, the sections are placed in 95 
per cent alcohol with 2 per cent strong ammonia for 12 hours or 
longer. This step is very important as it alkalinizes the sections, 
which are then rinsed briefly in 80 per cent alcohol and transferred 
directly to body-warm 40 per cent aqueous silver nitrate for 20 
minutes in the incubator. This fluid may be used repeatedly over 
long periods if it is kept covered to prevent evaporation and 
contamination. 

Combined Imptegnaiion and Development: The sections are next 
briefly rinsed in distilled water and flooded with 20 per cent neutral 
formalin for 5 minutes, coming from this to 5 per cent neutral for- 
malin. The staining box is then set on a table, another one is filled 
with ffesh 20 per cent neutral formalin and placed nearby and a 
third is inverted and set between the two. The sections are removed 
one by one from the weak formalin, blotted briefly on filter paper to 
remove excess formalin and laid on the inverted box, where they are 
flooded with a few drops of dianunoniacal silver from a dropping- 
bottle. This solution is prepared by adding strong ammonia drop by 
drop to 20 cc. of 20 per cent silver nitrate solution until the resulting 
precipitate is just dissolved. Then an excess of 10 drops of ammonia 
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is added and the water-clear mixture diluted with 20 cc. of distilled 
water and poured into a 50 cc. dropping-bottle where it may be kept 
until it is used up. 

Three slides fill the space on the inverted staining box and after 
each has been flooded in turn with 4 to 5 drops of the silver solution, 
the first one is blotted and placed directly in the 20 per cent formalin, 
while another section is removed from the weak formalin, blotted, 
flooded with diammoniacal silver and left in the place of the first 
until the turn comes round. The second section is then removed, 
blotted, flooded and set in the strong formalin with the first and so 
on until all the sections have been treated in rotation and are in the 
developer where they turn rusty orange, and where they should 
remain another 5 minutes to ensure complete development. It is 
found that the time required to flood, blot and transfer three sections 
in this manner is just sufficient for proper impregnation — about 
I minute in practice. 

Subsequent Treatment: Toning is accomplished by 15 minutes’ 
treatment in a i : 300 gold chloride bath, acidified with 2 per cent 
glacial acetic acid. Intensification, fixing, dehydration and mount- 
ing are precisely similar to that which has been described in the case 
of the preceding method. 

Precautions: The reader is cautioned that the diammoniacal silver 
solution is made up without the addition of sodium hydroxid or sodium 
carbonate usually practised in Bielschowsky or other methods. In 
carrying out the Rogers method one is dealing with very concen- 
trated silver solutions and should, therefore, protect the hands with 
rubber gloves and the clothing and shoes as well from the action of 
these. Rubber gloves, old shoes and a capacious laboratory apron or 
coat can not be too highly recommended. 

BniET ResumA of Steps 
Silver Nitrate Method 

1. Pretreatment with pyridin-glycerol for i to 12 hours. 

2. Wash in 95 per cent alcohol followed by distilled water. 

3. Impregnate 12 hours or longer in 10 per cent silver nitrate in 
incubator. 

4. Wash in 2 changes of distilled water. 

5. Develop in pyrogallol-formol 20 minutes. 
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6. Wash at tap and tone 5 minutes in gold bath. 

7. Intensify in oxalic acid-formalin 5 minutes after washing at 
tap. 

8. Wash well at tap and fix in h5T)o for 5 minutes. 

9. Wash, dehydrate, clear and mount in Canada balsam. 

Rogers^ Method 

1. Pretreatment with ammoniated alcohol 12 hours or more. 

2. Rinse in 80 per cent alcohol and impregnate in 40 per cent 
silver nitrate in the incubator for 20 minutes. Rinse in distilled 
water. 

3. Treat with 20 per cent formalin 5 minutes, transfer to 5 per 
cent formalin. 

4. Reimpregnate sections one by one, after blotting off formalin, 
with diammoniacal silver; blot and develop. Do not wash! 

5. Develop in 20 per cent formalin 5 nunutes, or until all sections 
are a rusty orange. 

6. Wash in distilled water and tone in gold bath for 15 minutes. 

7. Wash at tap and intensify, fix and mount as in preceding 
schedule. 

Remarks 

With these two methods at one’s disposal a great deal can be 
done in connection with the study of nerve fibers of different types. 
For the brain and cord (Fig. i), as well as for large peripheral nerve 
trunks like the sciatic or femoral (Fig. 2), the silver nitrate pro- 
cedure is best adapted; for the demonstration of the finest neuro- 
fibrillae, such as the non-meduUated fibers in the nuclei of the 
medulla or those in the superficial cortex (Figs. 3 and 4) the Rogers 
method is the better. 

The silver nitrate technique is about as simple as a silver impreg- 
nation could be; it gives a clear-cut impregnation of the nerve fibers 
which take on a light red or fox-red color and stand out from the 
very fine, violaceous glia fibrils. The nerve cells, ganglion cells and 
the like, tend to take on the same reddish tone as do the neurones; 
the neuroglia cells, particularly the oligodendrogliocytes, impreg- 
nate grayish to blackish. This fact may conceivably be of use in 
certain investigations. The method is not suitable, nor is it in- 
tended for the demonstration of neuroglia cells and their processes. 
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On the other hand, it impregnates nerve fibers very successfully and 
few of them elude it; the basket fibers around Purkinje cells and the 
fibers in the granular zone of the cerebellum are best brought out in 
sections toned with acid gold. The nuclear detail in the cells is very 
good; if they tend to overimpregnate, the acid gold bath will correct 
this at the cost of slight loss of general intensity of the fiber impreg- 
nation. Although this method impregnates the finest fibrils in sec- 
tions of nervous tissue, they are apt to be obscured somewhat by 
the presence of neuroglia fibers. In this case, one resorts to Rogers’ 
method which is more selective for the finer elements. 

In that method these are brought out black on a less densely 
impregnated background, the details of the cellular elements and 
of their nuclei may not be as sharply picked out as in the preceding 
method, but they may be very adequately shown. Following fiixa- 
tion in the modified Camoy solution Rogers’ method gives good 
impregnation of the coarser fibers, the color scheme tending to be 
more on the red, less on the black side. The reader may experiment 
with the two methods and ascertain which of them suits his par- 
ticular needs. 

It win be noted that, after repeatedly stressing the importance of 
using equimolar solutions I have not employed them here; the 
reason is quite simple — they do not work as well as do the con- 
centrations herein noted, which are the result of considerable ex- 
perimentation. Naturally, this does not apply to the Rogers 
method which has been taken over practically xmchanged. 

Summary 

Two methods are described for impregnating nerve fibers in par- 
raffin sections; one is a modification of the Ramon y Cajal silver 
nitrate block impregnation, while the other is a practically unmodi- 
fied Rogers technique. The former is best suited to the demon- 
stration of fibers in the central nervous system and in large periph- 
eral nerve trunks in their relation to supporting structures: the 
latter is an application of Rogers’ method for demonstrating ter- 
minal nerve endings for the more general purpose of bringing out 
non-medullated fibrils in the central nervous system. Both methods 
are designed for general use in the histological laboratory on tissue 
that has been fixed not over five hours postmortem. The silver 
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nitrate method is well standardized and should produce reasonably 
uniform results; the Rogers method may entail a modicum of prac- 
tice in the step whereby the sections are reimpregnated one by one 
in the diammoniacal silver, otherwise it presents no pitfalls for the 
unwary. 
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DESCRIPTION OF PLATE 


Plate 12 i 

All photomicrographs -were taken at 800 diameters by Prof. J. B. Homan of 
our Department of Medical Art, "with the assistance of the author. 

Fig. I. Silver nitrate method, fibers in cortical white matter. 

Fig. 2. Silver nitrate method, fibers in the femoral nerve. Most of the coagula- 
tion phenomena seen in sections fixed by other methods that do not extract 
the myelin are done away with here. The “funnels” remain. 

Fig. 3. Rogers’ method. Fine fibrils in gray matter of cortex. 

Fig. 4. Ganglion cells and fine fibrils from the region of the floor of the fourth 
ventricle. Rogers’ technique. 
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mented, wiich is of interest because it is not generally known that 
silver impregnation will succeed after fixation in other than one or 
two of the commoner formalin or bichromate methods. It was to 
determine the possible range of fixatives at one’s disposal that the 
work reported in this paper was undertaken prior to reading Daven- 
port’s articles. 

Technique 

The essential for this experiment was to have a standard material 
and a standard impregnation that would be as simple and constant 
as possible. Accordingly, a few millimeters of femoral nerve was 
removed not later than two hours postmortem from human subjects, 
while they were stiU warm. As the impregnation, an adaptation 
of the familiar Ramon y Cajal block impregnation was used, in 
which the tissue was first sectioned in parafi&n, moimted on slides 
and deparaffinized in the usual manner, after which the sections 
were treated with pyridin 2 parts, and glycerol i part, for i to 12 
hours. They were then washed in 95 per cent alcohol, followed by 
tap water and 2 changes of distilled water, and impregnated for 
12 to 24 hours in a 10 per cent aqueous silver nitrate solution in the 
incubator at 37° C. 

After a wash in distilled water they were developed for 20 minutes 
in a mixture of p5nt:ogallol and formalin, 5 parts each to 100 parts 
distilled water. It was later found that the pyrogaUol could be 
reduced to one-tenth this concentration without materially chang- 
ing the picture. After developing, the sections were washed at the 
tap and toned for 5 minutes in a i : 500 aqueous solution of Merck’s 
“acid red” gold chlorid. They were again washed at the tap and 
intensified for 5 minutes in a mixture containing oxalic acid 2 per 
cent and formalin i per cent in distilled water, after which they were 
well washed at the tap and fixed in 5 per cent sodium thiosulphate 
for 5 minutes, washed and then dehydrated, cleared and mounted m 
Canada balsam in the usual way. 

Fixatives and Results 

The fixatives used may be grouped into four general classes: 

(i) Alcoholic Fixatives: {a) 95 per cent alcohol; (6) absolute 
alcohol; (c) ammoniated absolute alcohol, containing 2 per cent 



THE EFFECT OF DIFFERENT TYPES OF FIXATION ON THE 
SILVER IMPREGNATION OF PARAFFIN SECTIONS 
OF PERIPHERAL NERVE * 


Nathan Chandler Foot, M.D. 

{From the Department of Pathology, University of Cincinnati College of Medicine, and 
Cincinnati General Hospital, Cincinnati, Ohio) 


While experimenting with a method for impregnating paraffin sec- 
tions of nervous tissue with silver, as already reported elsewhere 
(Foot ^), it was foimd that the results obtained in the case of periph- 
eral nerve trunks varied widely with the fixative used. So wide 
was this variation and so striking, that it is thought to be of sufficient 
interest to be reported. Some work has been done along this line by 
Davenport,^ who experimented upon blocks of cat’s spinal cord, 
using a variety of fixatives and a standard silver nitrate impregna- 
tion (Ramon y Cajal), and bending his efforts toward determining 
the most favorable ammonia concentration in the alcoholic fixing 
fluid, together with the effect of extraction of lipins from the tissue 
by means of adjuvants to the alcohol, such as chloroform and py- 
ridin. He found that the optimum impregnation was obtained after 
the use of alkaline fixatives that, at the same time, extracted the 
lipins and thus permitted complete penetration of the silver salt. 
Furthermore, he investigated the effect of varying the proportion of 
pyxogallol and formalin in the developer and found the former to be 
the essential ingredient, as formalin did not reduce silver nitrate 
although it does reduce the double ammonia salts of silver. His 
second paper ^ dealt with acid fixatives, such as sulphosahcylic acid, 
trichloracetic acid, Hofker’s fluid and Carnoy’s fixative. There was 
less shrinkage of the tissue than was the case when ammoniated 
alcohol had been used, but during the necessary alkalinization, 
washing and silvering, the acid-fijced tissue ultimately shrank more 
than the controls, Carnoy’s solution bringing about the maximum 
shrinkage noted. This he determined by measuring the blocks before 
and after fixing and impregnating. Successful silver impregnation 
was obtained after the use of all the fixatives with which he experi- 
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as do the neurones, which is also true of the fine fibrils that are em- 
bedded in the connective tissue of the epineurium. The nuclei of 
the tissue are all well shown. There is not much fundamental differ- 
ence between the fixatives in this group, excepting that the modified 
Camoy’s solution is the most successful while the 95 per cent 
alcohol gives poor results. The former, containing acetic acid, tends 
to offset the shrinkage of the fibers that results in straight alcohol 
fixation. There is, therefore, a graded scale of excellence between 
the mochfied Camoy’s solution at the top and stock, unalkalinized 
alcohol at the bottom. 

Formalin Fixation: Neutral formalin is commonly supposed to be 
the ideal fixative for silver impregnations, but the results obtained 
in this experiment with formalin alone, or in combination with am- 
monixun bromid or other ingredients, are not in accord with this 
conception in so far as peripheral nerves are concerned. One sees at 
once that the axones show very marked irregularity of caliber and 
outline (Fig. 2), although they are metachromatically impregnated 
and stand out prominently by reason of their fox-red color. Here 
and there one notes fusiform, or beaded swellings of the axones, in 
which the substance of the fibers is pale; elsewhere the neurones may 
be markedly contracted and delicate. Thus the fibers show an alter- 
nation between what may be considered quasi normal caliber and 
either fusiform swelling, or marked shrinkage. The perineural 
fibers are well brought out, as is the connective tissue of the nerve 
trunk. The nuclei are beautifully impregnated, the funnels stand 
out well and there is a wealth of detail in the myelin sheath, which 
stains yellowish to orange. One finds longitudinal fibers and a very 
intricate, wide-meshed web of tiny fibers that radiate through the 
sheath and make a very pleasing, though probably deceptive picture. 
In the case of the formalin-bromid fixative the connective tissue 
becomes too prominent and darkly impregnated, the neurones are 
even more irregular in caliber and there is an orange network in the 
myelin sheath, as in the preceding case. The reticulum of the fibrous 
sheath and of its vessels is well demonstrated, in sharp contrast to 
the alcohol-fixed specimens. 

Chromic Fixation: In this case one would think that one was deal- 
ing with quite another histological structure, so strikingly different 
is the picture obtained (Fig. 3). The myelin sheath has been impreg- 
nated a reddish brovm, it shows innumerable radiating, frond-like 
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strong ammonium Kydroxid; {d) alcohol 6 parts, chloroform 3 parts 
and glacial acetic add i part (omitting the mercury bichloride that 
is usually an ingredient of Camoy’s solution). 

(2) Formalin Fixatives: {a) Neutral 10 per cent formalin, and 
(&) Ramon y Cajal’s “bromformol” with 15 per cent form alin and 
3.5 per cent ammonium bromid. 

(3) Chromic Fixatives: (a) Zenker’s fluid, with 5 per cent mercuric 
chlorid, 2.5 per cent potassium bichromate and no sodium sulphate, 
adding 5 cc. of glacial acetic add to every 95 cc. of the mixture at the 
time the blocks are fixed; (b) Helley’s fluid, which is identical with 
Zenker’s except for the substitution of 10 cc. of strong formalin in 
the place of the 5 cc. of acetic acid and the reduction of the amount 
of stock solution from 95 cc. to 90 cc. 

(4) Acid Fixatives: This group was represented by Bouin’s solu- 
tion (water-saturated picric acid 15 parts, strong formalin 5 parts 
and glacial acetic add i part). 

Alcoholic Fixation: Nerve trunk fixed in the alcoholic solutions 
shows the axones to be somewhat shrunken, but of a nearly uniform 
caliber. They are reddish to yellowish brown and stand out with 
remarkable distinctness. The rather complicated pictures to be 
described later in connection with the myelin sheaths are not noted; 
there is an outer envelope with a space that contains a few bits of 
granular, or globular debris and the shrunken funnels of Schmidt, 
which are usually collapsed about the neurone as dark swellings. In 
the modified Camoy’s fixative, however, they are more clearly 
brought out and less shrivelled. The nodes of Ranvier are well dem- 
onstrated. There is a marked simplidty to the histological picture, 
which is to be attributed to the extraction of coagulable or argen- 
tafi&n lipins from the myelin sheath. One may find areas where ex- 
traction has been less complete and where bubble-like outlines and 
granular masses may be found to be impregnated. In those portions 
of the section where the extraction has run its course, this layer of 
the sheath is almost clear and empty, save for the Schwann cells. 
The connective tissue elements are not particularly well impreg- 
nated and tend to be slaty or violaceous in color, which is an advan- 
tage in that the neurones stand out in contrast by reason of their 
brownish tint (Fig. i). 

The leashes of delicate fibrils that parallel the neurones in the 
nerve trunk and lie between them take on the same brownish hue 
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alcohol is its tendency to shrink the axones, but this may be offset 
by the addition of acetic acid. The use of such a fixative demon- 
strates the defects of fixatives that may combine with, or coagulate 
the lipins — for in such a case histological details are brought out 
that probably do not exist in fresh tissue. 

It is surprising to find formalin combinations so disturbing to the 
neural histology in view of their extensive use in fixing nervous tissue 
and in connection with silver techniques; it is disappointing to dis- 
cover how much they distort the actual nerve fibers while they give 
such excellent results in the case of their adnexae. The more con- 
centrated formalin in Ramon y Cajal’s fixative seems to increase 
this distortion and this is not corrected by adding picric and acetic 
acid, and decreasing the percentage of formalin, as in Bouin’s solu- 
tion. Further proof of this action on the part of formalin may be 
obtained through the observation of nerve fibers impregnated by 
Rogers’ method,^ in which the impregnation is very fine but the out- 
line of the neurones actually scalloped, after fixation in formalin or 
Bouin’s fluid. One immediately wonders how accurate are the pic- 
tures produced in non-meduUated nerves and neural end-organs 
under such circumstances. 

The optimum fixative, then, would be one which would give: (a) 
as little distortion of the nerve fibers as possible; (b) metachromatic 
results, so that nerves and connective tissue fibers have different 
colors; (c) good nuclear impregnation and (d) good impregnation of 
the connective tissue elements without unduly emphasizing them. 
Thus far, in connection with this simple silver nitrate impregnation, 
the alcohol-chloroform-acetic acid mixture seems most nearly to 
accomplish these ends. 

Supplementary Work 

As it would be interesting to determine what result, if any, would 
be obtained through the use of Mallory’s preliminary “bleach” of 
permanganate of potash and oxalic acid, sections fixed in the four 
types of fixative were subjected to treatment with weak alcoholic 
iodin, weak sodium thiosulphate to remove this and then treated 
with 0.25 per cent aqueous potassium permanganate, followed by 
5 per cent oxalic acid. They remained in each of these solutions 
for 3 minutes with washes in water between each step. It was found 
that the bleach almost invariably tends to loosen the sections from 
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fibrils that appear to spring from the pinkish neurone and run out 
to the sheath of Schwann. The funnels are embedded in this net- 
work and are almost indistinguishable, the neurones are of fairly 
even caliber, pinkish color and very well and evenly brought out, 
while the connective tissue of the sheaths is violaceous to grayish. 
In cross-sections of nerve fibers the fanuliar “Sonnenbilder,” or 
rosettes, are prominent. The picture is very pleasing and appears to 
be very accurate at first glance, but one may well believe that it 
is, on the contrary, quite deceptive. 

In the chromium-mercury methods one is forced to use iodin and 
sodium thiosulphate to remove the mercuric chlorid crystals, before 
proceeding with the impregnation. Experiments with sections fixed 
in other types of solution failed to produce similar pictures if iodin 
and hypo were used, so that we may suppose that the effect noted in 
the myelin sheath is due to the action of chromium or mercury and 
not to the iodin treatment. Chromicizing formalin- or alcohol-fixed 
sections for 24 hours in the incubator with a mixture of equal parts 
of 10 per cent chromic acid and saturated aqueous bichromate of 
potash fails to produce similar pictures, however, so that these salts 
must, apparently, exert their effect only on fresh, unfixed tissue. It 
should be noted, however, that formalin fixation produces somewhat 
similar pictures; it seems as though the coagulative action in this 
case does not proceed as far, or act so strongly. 

Acid Fixation: Material fixed in Bouin’s solution gives results that 
accentuate connective tissue elements at the expense of the nervous. 
The neurones are irregularly, often very lightly impregnated (Fig. 4) 
and there is more swelling and distortion of these than was the case 
after formalin fixation, long stretches of nerve fiber being swollen 
to the capacity of the sheath and of greater diameter than in any 
other case. The illustration shows this only in part. They are often 
so faintly impregnated that they are difficult of identification. The 
nuclear and connective tissue detail is very good. 

Review and Discussion of the Findings 

Reviewing these results we find that the most rehable fixation for 
the purpose of silver nitrate impregnation corresponds with Daven- 
port’s experience — it should be one that extracts the lipins and 
permits the penetration of the silver solution. The disadvantage of 
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DESCRIPTION OF PLATE 
Plate 122 

All four photomicrographs were made from sections of human femoral 
nerve, removed while the body was still warm. The impregnation is identical in 
each case, the only difference being in the fixative employed. The magnification 
represents about 400 diameters. The photomicrographs were taken by Prof. 
J. B. Homan of our Department of Medical Art, with the author assisting. 

Fig. I . Silver impregnation following fixation in alcohol-chloroform-acetic acid. 
The heavy black cables are the nerve fibers, or neurones, which are some- 
what shrunken but of fairly regular caliber. There is a paucity of detail in 
the myelin sheath, the funnels are partially shown and the Schwann cells, 
with their processes, are easily recognized. 

Fig. 2. Silver impregnation folloTOng fixation in neutral formalin. The neu- 
rones show irregular bulging and are sometimes much shrunken; there is a 
very irregular fixation. The details of the myelin sheath are somewhat in- 
creased, as compared with the preceding picture. Note the beaded nerve 
fiber at the left of the field. 

Fig. 3. Silver impregnation following fixation in Zenker’s fluid. The nerve 
fibers are more uniformly fixed and more contracted. There is a wealth of 
detail in the myelin sheath, caused either by coagulation of the lipins or by 
some chemical combination between the salts of the fixative and the silver 
salts. 

Fig. 4. Silver impregnation following fixation in Bouin’s fluid. Here the nerve 
fibers arc difficult to follow in their course; they show areas of apparent 
dissolution, one of which is at the right of the field. The details of the 
myelin sheath are not well brought out, while those of the longitudinal 
fibers of the endoncurium arc excellently demonstrated. 
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the slides, unless they have been very carefully mounted and dried. 
This has been a troublesome feature often noted in reticulum im- 
pregnation and it is probable that it may be overcome by the use of 
Masson’s formalin-hardened gelatin method of mounting sections.® 

The net result after using the bleach is not very striking; the sec- 
tions show some increase in precision of detail at the expense of 
depth of impregnation. The Zenker-fixed sections show much more 
delicate pictures, except that they have become monochrome 
(brownish) without the desirable metachromasia. The Bouin-fixed 
sections are even worse than before. It would seem that there is 
nothing to gain and much to lose through the use of the bleach in 
this particular connection. It is to be noted that this does not apply 
to connective tissue impregnations, merely to those of nerve trunks. 

Summary 

1. Experiments on four representative groups of fixatives, used 
on standard material (normal human femoral nerve) and followed by 
a standardized and very simple method of silver impregnation, show 
that the results differ almost directly as the number of fix;atives 
used. Although the variation within a given group of similar fixa- 
tives is slight, those between any two groups are decidedly marked. 

2. Alcohol fixation tends to remove lipins from the myelin sheath 
and thus affords the clearest impregnation, possibly the most vera- 
cious. The best alcoholic solution is a combination of alcohol, chloro- 
form and acetic acid. 

3. Formalin fixation, even when neutral formalin is used, causes 
tnarked distortion of the neurones and brings out a certain amount 
of what may be considered to be extraneous detail, caused by the 
coagulation or chemical alteration of the myelin. 

4. Chromate fixation, while it affords very precise and clear pic- 
tures, demonstrates even more histological detail, which is probably 
artefact, owing to a similar, but more pronoimced action on the 
lipins. 

5‘ Fixation in such an acid solution as Bouin’s fluid causes an 
accentuation of the connective tissue elements at the expense of the 
nervous and gives to the neurones an unduly swollen and transparent 
appearance without effecting much metachromatic contrast. 
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Fig. 7. Guarnieri bodies in the epithelial cells of a small bronchus. Most of the 
inclusions have a clear halo and indent the nucleus. Normal rabbit fort}^- 
eight hours after inoculation, x 1000. 

Fig. 8. Unusually dense collection of large mononuclear cells in the lung of an 
immune animal forty-eight hours after inoculation, completely disguising 
the pulmonary architecture, x 400. 



SILVER IMPREGNATION OF GLIA AND NERVE FIBERS IN 
PARAFFIN SECTIONS AFTER FOR]\IALIN FIXATION * 


Helenor Campbell Wilder 
{From the Army Medical Museum, Washington, D. C.) 

Silver impregnations of nerve fibers and glia comprise a formid- 
able number of long and tedious processes. Many of these methods 
give beautiful results, but, as they require special fixatives or lengthy 
and tedious pretreatment, they are impracticable for use in the 
majority of laboratories where formalin is the routine fixative. 
Foot 2 has obtained satisfactory glial impregnation in frozen sec- 
tions after fixation in neutral formalin and, with his work as a 
starting point, I have endeavored to devise a method that would be 
applicable to parafiin sections as well. 

Using the silver diammino hydroxid recommended by Foot,^* ^ 
as a result of his tests of the work of Kubie and Davidson ® and his 
fonnol-sodium carbonate reducer, I experimented with parafiin sec- 
tions after formalin fixation. The experiments included application 
on the slide, before impregnation, of reagents advocated as sensi- 
tizers of glia to silver. Ammonium bromid,® ammonium hydroxid,'^ 
hydrobromic acid,^ pyridin,^ Camoy’s fluid,® and other reagents 
that have been of value in neurological methods were tried without 
success. Del Rfo-Hortega’s ® results with formalin-uranium nitrate 
fixation preparatory to silver impregnation of frozen sections led 
me to precede silver impregnation of formalin-fixed paraffin sections 
by treatment with uranium nitrate. A differential reaction to silver 
was immediately apparent. There was no precipitate deposited on 
the slide and the sections showed argentation of the fibrillar ele- 
ments; nerve fibers, fibrillar astrocytes, reticulum and collagen were 
impregnated. After uranium nitrate, silver staining was so intense 
that it became necessary to use the silver diammino hydroxid at 
room temperature rather than at $o° C, and to reduce the time 
from 30 minutes to 20 seconds. Uranium nitrate in i per cent solu- 
tion proved most satisfactory, but exposure of more than 5 seconds 
inhibited impregnation. The other nitrates were of no value. 

* Received for publication July i, 1932- 
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The previous experiments were repeated, introducing the addi- 
tional step of uranimn nitrate, because sharper definition of nerve 
fibers, more complete staining of glial elements, a clearer back- 
ground, and an elimination of reticulum and coUagen were desirable. 
Hydrobromic acid accomplished the desired results with the greatest 
consistency and proved of especial importance as a differentiating 
factor. Substitution of uranium nitrate for the sodium carbonate of 
Foot’s reducer further accentuated the glial fibers. The gold toning 
of Foot’s revised Variant 3 ^ (i: 500 gold chloride, 10 minutes; for- 
malin 5 cc., oxalic acid 0.5 gm., water 100 cc., 10 minutes; 5 per cent 
sodium thiosulphate, 10 minutes; wash in tap water after each step) 
tended to dear the background and, where glial fibers showed 
granular deposits of silver, to give them a more solid and fibrillar 
appearance. However, the improvement was not consistent and, as 
it failed to differentiate glia from nerve fibers, it is not included as an 
essential feature of the stain. 

All experiments were carried out on material that had been fixed 
in unneutralized formalin from two to twenty-four hours after 
death or removal. 


Technique 

Fixation and Embedding: Fix tissues in 10 per cent formalin, wash 
in tap water, dehydrate in alcohol, clear in chloroform, and embed 
in paraffin. 

Brommation: Pass paraffin sections through xylol and graded 
alcohols, rinse in distilled water, and place in 34 per cent hydro- 
bromic acid for 30 minutes. 

Sensitization: Wash in distilled water 10 to 20 seconds and flood 
the slide with 1 per cent uranium nitrate (sodium free) for 5 seconds 
or less. 

Impregnation: Wash in distilled water 10 to 20 seconds and place 
for 20 seconds in silver diammino hydroxid: 

To 5 cc. of 10.2 per cent silver nitrate add ammonium hydroxid 
drop by drop until the precipitate which forms is dissolved. Add 
5 cc. of 3.1 per cent sodium hydroxid and just dissolve the resulting 
precipitate with a few drops of anunonium hydroxid. Make the 
solution up to 50 cc. with distilled water. 

Reduction: Wash in distilled water 2 seconds and agitate each 
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slide separately in the following reducing solution until it ceases to 
give off a brown cloud: 

Distilled water 50 cc., 40 per cent neutral formalin (neutralized 
with magnesium carbonate) 0.5 cc., i per cent uranium nitrate 
1.5 cc. 

Counter staining and Mounting: Wash in distilled water, counter- 
stain witli eosin, dehydrate in alcohol, clear in xylol and mount in 
Canada balsam. Argentation frequently allows hematoxylin to be 
used as a nuclear stain, but bluing must take place in tap water, 
as ammonia dissolves the silver. 

Distilled water is used in the preparation of all solutions. The 
uranium nitrate solution and the 10.2 per cent silver nitrate keep 
indefinitely and the silver diammino hydroxid keeps for a week or 
more in amber, glass-stoppered bottles. The impregnating and re- 
ducing solutions retain their activity in Coplin jars for two days. 
The hydrobromic acid may be kept in a Coplin jar and used re- 
peatedly for an indefinite time. It is important that the ammonium 
hydroxid be kept in a well stoppered bottle. 

Results 

Ganglion cells, nerve fibers, glia cells and their processes are black. 
Tissues fixed twenty-four hours after death or removal show excel- 
lent impregnation of nerve fibers and fibrous astrocytes, but the 
processes of protoplasmic astrocytes and oligondendroglia cannot be 
demonstrated when more than six hours have elapsed before fixation. 
In fresh fixed tissue all the fibers are sharply defined, but tend to 
become granular when fixation is less prompt. Although differen- 
tiation between nerve fibers and glia must be on a morphological 
basis, the method has the advantage of being quick, simple, and 
applicable to paraffin sections of formalin-fixed tissue. 
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DESCRIPTION OF PLATE 
Plate 123 

Fig. I. Fibrous astrocytes with pedicles to a blood vessel in a medulla fixed 
twenty-four hours after death, x 600. 

Fig. 2. Large astrocytes around a vessel in cerebral arteriosclerosis. The tissue 
was fixed twenty-four hours after death, x 475. 

Fig. 3, Oligodendroglia in a cerebral cortex fixed six hours after death, x 600. 

Fig. 4. Fibrous astocytoma fixed two hours after death, x 600. 

Fig. 5. Fibrous astrocytes in a spinal cord fixed twenty-four hours after 
death. Nerve fibers appear in cross-section, x 475. 

Fig, 6 . Bipolar cells in a spongioblastoma multiforme fixed ten hours after 
death, x 475. 
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In 1929 Yater,® in a splendid contribution on variations in the 
right atrial venous valves, found four examples in 120 hearts which 
he examined, an incidence of 3.3 per cent. In comparing my findings 
with those of Yater, I feel certain that I must have overlooked some 
cases incident to carelessness in removing and opening the heart. 
In the usual routine methods employed in these procedures little 
care is exercised in preserving the inferior vena cava, and, when the 
right auricle is opened, these delicate, thread-like structures are 
readily severed or tom away. Since emplo5dng more careful meth- 
ods, consisting of looking first into the inferior vena cava, and then 
so manipulating the scissors or knife when opening from cava to 
cava as to avoid any possible damage to stmctures of this character, 
I have found such a network present and intact, which could easily 
have been destroyed had not such precautions been applied. 

Interesting and peculiar clinical phenomena connected with the 
reported cases of “Chiari’s network” have been observed, although 
most of them were merely interesting accidents, since m almost all 
of the reported cases the networks were of no significance clinically. 
In one of his cases Chiari found that a thrombus had formed on the 
network, and this was the apparent source of a large pulmonary 
embolus from which the patient died. Haas,’' on the contrary, 
showed that in his case the network had apparently acted as a trap 
which ensnared the embolus entering the auricle through the inferior 
cava, thus preventing a possible fatal pulmonary embolism. 

Case Reports 

Case 1. A woman, 67 years of age, on the service of Dr. G. H. Hoxie, gave a 
history of having had heart disease “almost all her life.” During the latter part 
of her illness the patient developed auricular fibrillation and became quite 
dyspneic. An X-ray revealed what was thought to be fluid filling almost the 
entire left chest. The pleural cavity was aspirated and only blood was obtained. 
The patient subsequently died of cardiac failure. 

The only autopsy findings of interest were those encountered in 
the chest. The left lung was markedly atelectatic, being compressed 
by the extreme dilatation of the left auricle. The lung was atrophied, 
so that it measured only 5 cm. in its greatest diameter. The left 
auricle was extremely dilated, and had a 1000 cc. capacity. This 
finding might possibly account for the incorrect X-ray interpreta- 
tion. There was a striking stenosis of the mitral valve with great 



THE FREQUENCY OF ANOMALOUS RETICULA IN THE RIGHT 
ATRIUM OF THE HUMAN HEART “CHIARI NETWORK”* 

REPORT OE EIGHT CASES 

Ferdinand C. Helwig, M.D. 

{From Ihe Deparlmcnt of Pathology, St. Luke's Hospital, Kansas City, Mo.) 

In 1897 Chiari ^ reported eleven cases in which a fine network was 
found in the right cardiac atrium, and although it was first observed 
by von Rokitansky,^ it has always been known as “Chiari’s net- 
work.” Anomalous variations of the venous valves of the right 
atrium are extremely common, and it is with these that Chiari’s net- 
work might possibly be confused. A true “Chiari network” is an 
anomaly which is formed of strands and reticula which stretch from 
the thesbian and eustachian valves across the right auricle to insert 
either into the crista terminalis or .the endocardium near the tu- 
bercle of Lower. 

Several explanations of this anomaly have been proposed to ac- 
count for its development. Chiari thought that it was remnant of 
the right venous valve of the septum spurium. Looser® believed 
that it arose from a dislocation of the fibers from their normal points 
and took place as a result of irregularity in endocardial growth. 
Jordan,^ in reporting two cases, was inclined to the view that the 
network was formed from remnants of portions of the valves of the 
right horn of the sinus venosus. In a recent personal communica- 
tion he is still of the same opinion. 

Since Chiari’s publication, fifteen additional cases have been 
studied and added to the literature. From the small number of re- 
ported instances of this anomaly one might assume that these 
structures are quite rare, while our findings lead us to believe the 
contrary is true. In a series of 460 autopsy examinations conducted 
at St. Luke’s Hospital from January i, 1928, to July i, 1931, a pe- 
riod of three and a half years, seven hearts showing this anomaly 
were seen, an incidence of 1.5 per cent. 

* Received for publication September 12, 1931. 
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At autopsy she had dependent edema, ascites, and a bilateral 
hydrothorax. In the brain an area of encephalomalacia was seen in 
the left lenticular nucleus. A large pulmonary infarct, with a throm- 
bus occluding the branch of the pulmonary artery supplying the 
area of infarction, was also found. The lungs and liver showed con- 
siderable passive hyperemia. In the heart, which weighed 312 gm., 
the left auricle was widely dilated and the mitral valve was nar- 
rowed. The edges of the mitral leaflets were glued together by old, 
dense, calcified fibrous tissue, and there was marked calcification 
present on the inferior borders of the leaflets. In the appendage of 
the right auricle an adherent mural thrombus was present. The 
eustachian valve was fenestrated and a single round cord extended 
from the upper border of this valve across the right atrium and 
attached to the crista terminalis. 

Case 4. A man, 50 years of age, had for five years been having attacks of pain 
in the left chest which radiated down the left arm and localized in his elbow. 
These attacks were so severe that large doses of morphine were required for 
relief. During the last year he had been bedfast most of the time, having many 
attacks of tightness in his throat forcing him to struggle for sufficient air. On 
physical examination he had a “gallop rhythm” and an electrocardiographic 
tracing revealed a “right bundle branch block.” While lying quietly in bed he 
had a sudden feeling of suffocating constriction in the throat, developed an ap- 
parent edema of the limgs, became markedly cyanotic, and died. 

At autopsy the important findings were exclusively cardiac. The 
heart weighed 505 gm. Old fibrous adhesions were present between 
the epicardium and the parietal pericardium over an area of about 
4 sq. cm. on the lateral surface of the left ventricle. All of the 
cardiac chambers were dilated, particularly the left ventricle, the 
wall of which was very thin, measuring no more than 4 mm. in 
thickness in the region of the interventricular septum. The endocar- 
dium covering the anterior two-thirds of the septmn in the left ven- 
tricle and the anterior hah of the ventricular wall was silvery white 
and thickened in character. The muscle beneath this was largely re- 
placed by dense hyaline fibrous tissue. The descending branch of the 
left coronary artery was completely occluded and markedly calcified 
at a point 6 mm. from its ostium. 

In the left auricle the thesbian valve was found to be nothing but 
two web-like, thin, filamentous bands which extended up and joined 
with a webbed eustachian valve. Here two delicate silk-hke tendrils 
extended across the foramen ovale and attached to the tubercle of 
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shortening of the chordae tendineae, and, apparently, both stenosis 
and regurgitation were present. Both lungs showed edema and pas- 
sive hyperemia. The remainder of the heart was not particularly 
hypertrophied. In the right auricle a typical “ Chiari network” was 
found. The fibers extended from the thesbian and eustachian valves 
across a very large, closed foramen ovale (measuring 4 by 3 cm.), and 
were attached to tlie crista terminalis. The fibriUae, comprising this 
network, were thin and web-like in character. They met at a central 
point just over the foramen ovale, branching out and being attached 
at three different points along the crista terminalis at the opening of 
the superior vena cava. 

Case 2. This was a woman 43 years of age (a patient of Dr. F. C. Rumsey’s), 
who had her first symptoms of cardiac failure in 1925, following imusual physical 
exertion. Except for rheumatic fever when a child, her cardiac history was 
negative. On her first admission to the hospital a diagnosis of mitral stenosis 
was made. She returned home, but on her second hospital admission she had a 
complete hemiplegia, doubtless of embolic origin. Several months later she had 
an occluding embolus of the left femoral artery which necessitated an amputa- 
tion above the knee on account of dry gangrene. She gradually developed a loss 
of myocardial tone and died five years after her first heart attack. 

At autopsy a large area of cystic softening was found in the 
right temporal lobe of the brain. The embolus which had caused the 
gangrene of the leg had become organized and existed as a knob-like 
cicatrix almost filling the arterial lumen. There was a marked 
sclerosing mitral and tricuspid stenosis with a bilateral atrial dilata- 
tion. The coronary sinus in the right auricle was considerably di- 
lated, and the thesbian valve was fenestrated and extended across 
the coronary sinus as a web-like band reaching up to the eustachian 
valve, which was also fenestrated. From this point two thread-like 
cords crossed the atrium, joining at the point where they began to 
cross the foramen ovale, and extended as one cord to the crista ter- 
minalis, thus covering a distance of about 5 cm. 

Case 3. A woman, 38 years of age, entered the hospital complaining of 
“heart flutter and palpitation.” She had had dyspnea on exertion for ten years. 
Her trouble, she thought, began twelve years ago, following influenza. A year 
ago she again had influenza and suffered considerably from heart trouble, with 
dyspnea and hemoptysis. 

On physical examination there was a high pitched mitral murmur present 
which was transmitted over the entire left chest, and was heard best over the 
mitral and tricuspid areas. Two days before death she developed marked au- 
ricular fibrillation, and a right hemiplegia followed. 
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cord degeneration. The day prior to her death she began to bleed from the nose, 
and her tongue became very sore and greatly swollen. She died suddenly, ap- 
parently choking to death, the obstruction being due to the extreme swelling of 
her tongue. No abnormal findings or symptoms referable to the heart were ever 
elicited. 

At autopsy the characteristic pathological anatomical alterations 
of pernicious anemia were encountered. The heart weighed 305 gm. 
The myocardium was extremely flabby, and showed the typical 
“tabby-cat” mottling of fatty degeneration. The valves were clean 
and smooth and the measurements within normal limits. The coro- 
nary arteries revealed a few fine intimal atheromatous plaques. The 
right atrium was of normal dimenrions. The valve of the coronary 
sinus was composed of five white, fine reticular strands which did 
not connect with the eustachian valve. This latter valve was made 
up of six fine reticula which joined at a point about i cm. from their 
insertion on the inferior border of the inferior vena cava, and ran as 
a single cord for about i cm., where they again branched out into a 
very delicate web-like network of anastomosing fibrils which at- 
tached by nine insertions along the superior border of the inferior 
vena cava. From here, reticula of even finer and more delicate 
character stretched across the auricle to attach to the endocardium 
of the crista terminalis at ten different points. There was also a 
single band of considerably greater diameter than these previous 
threads which stretched downward from the lower border of the su- 
perior vena to attach to the endocardium in the region of the tu- 
bercle of Lower. 

Case 8. This case was discovered in a museum specimen and no history was 
obtainable. In this heart four different points of origin of the network were 
found; one on the lower rim of the coronary sinus, one from its upper rim, and 
two from the lower border of a vestigial fenestrated eustachian valve. These 
four cords joined almost immediately and extended across the auricle as two 
bvisted threads to insert by one attachment to the crista terminalis. 


StTMMARY AND CONCLUSIONS 

In the first four cases of this series severe cardiac lesions were 
found which were the direct cause of the patient’s death. In the last 
four cases the findings present in the heart, aside from the Chiari 
network, were negligible, and m none of the entire group could any 
of the clinical symptoms be ascribed to the network itself. 
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Lower. Two small deKcate twiglets were also found which extended 
from the upper rim of the foramen ovale and attached to the endo- 
cardium just lateral to the tubercle of Lower. The aortic valve 
showed a sieve-like fenestration of two of its leaflets. 

Case 5. A young man, 21 years of age, died after having a spindle cell sar- 
coma removed from his right thigh, from a massive local recurrence \vith diffuse 
visceral sarcomatous dissemination. Physical examination revealed no evidence 
of cardiac trouble. 

At autopsy emaciation was a striking feature, and, in addition 
to an enormous fungating growth on the right thigh, extensive 
metastases were found in the liver and lungs. The heart weighed 
305 gm., was very pale, the muscle flabby, and the chambers mod- 
erately dilated. In the right auricle the eustachian valve was 
rudimentary, as was the thesbian valve over the coronary sinus. 
Communicating with the lower border of the eustachian valve and 
crossing the auricle over the foramen ovale was a single, rather 
tough, semiflattened band about 1.5 mm. in diameter, which was 
attached to the crista terminalis. At the point where it crossed the 
foramen ovale there was a fine branch which had broken off prior 
to the discovery of the structure, evidently having been tom loose 
at the time of opening the heart. This apparently was in commu- 
nication with the eustachian valve at a point somewhat higher than 
the larger one. 

Case 6, This patient was a well nourished young man, 24 years of age, who 
entered the hospital semicomatose and irrational, giving a history of headaches 
for some time. He gradually became worse, and soon developed definite signs of 
an intracranial tumor. Physical examination on several admissions revealed no 
cardiac disturbance. 

At autopsy a large infiltrating spongioblastoma arising from the 
cerebral peduncle was found, and the cardiac atrial anomaly was 
found during the routine examination. The heart weighed 210 gm., 
and all of the valve measurements were within normal limits. The 
chambers were filled with clots. In the right atrium two fine thread- 
like strands arose from the inferior border of the inferior vena cava 
and merged in the middle to form a small knob-like thickening, 
where they again forked and stretched up to the crista terminalis, 
there inserting by two attachments quite close together. 

Case 7. A short, fleshy, stocky woman, 53 years of age, had been treated for 
pernicious anemia for some time by the use of liver extract, and, although her 
anemia did not increase, she developed rapid and striking evidence of spinal 
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Plate 14 

Fig. I. Case i. Showing Chiari network crossing right atriiun. Note huge 
foramen ovali. 

Fig. 2. Case 2. Dilated right auricle showing tricuspid stenosis, fenestrated 
eustachian valve and Chiari network. 
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Eight cases of Chiari’s network are recorded, and, although so 
few cases have been reported, such reticula are not a particularly 
rare anomaly in the human heart, since they were found to be pres- 
ent in 1.5 per cent of routine autopsy examinations. These struc- 
tures are easily destroyed by careless manipulation, and no doubt 
will be found quite often if more care is exercised in removing and 
opening the heart. They were of no clinical significance in this 
series of cases. 
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Plate 15 

Fig. 3. Case 3. Right atrium showing fenestrated eustachian valve and Chiari 
network. 

Fig. 4. Case 4. Right atrium showing marked [fenestration of the eustachian 
valve with Chiari network inserting into the endocardium at two points. 





Plate i6 


Fig. S- Case 5. Right atrium showing Chiari network represented by a single 
flat band crossing the auricle. 

Fig. 6. Case 6. Chiari network can be seen crossing the right atrium, showing 
knob-like thickening in the center. 
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Plate 17 

Fig. 7. Case 7. Right atrium showing markedly webbed Chiari network nith 
numerous insertions. 

Fig. 8. Case 8. Right atrium showing vestigial eustachian and thesbian valves 
with Chiari network extending across atrium to crista terminalis. 
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in which the existence of syphilis of the aorta could be regarded as 
certain. In neither of these was it likely that the valves were af- 
fected.” He concluded that in only two cases out of thirty-five was 
there a serious possibility that syphilis might have been a predis- 
posing agent in streptococcal endocarditis. 

The following case represents an individual who suffered from 
syphilitic aortitis and aortic endocarditis (aortic insufficiency), and 
who, in the latter stages of his illness, contracted an aortic bacterial 
{Streptococcus viridwus) endocarditis. 


Case Report 

Clinical History: A colored hotel porter aged 23 years came to the accident 
room on Oct. 7, 1930, because of severe shortness of breath of thirty-six 
hours’ duration. His father had died following a “stroke.” His mother had 
died during the patient’s childhood, leaving nine siblings living and well. The 
patient had measles, mumps, pertussis, and influenza as a child and youth. He 
had had frequent and severe sore throats imtil the age of 21. At 19 he had a 
chancre and received six injections of arsphenamine. Six months later he had 
a generalized skin rash and received six additional injections of arsphenamine. 
He had been perfectly well tmtil three weeks before admission. At this time, 
while moving trunks, he had an attack of severe dyspnea, but without any pre- 
cordial pain or other symptoms. After two days in bed because of the dyspnea, 
he returned to work feeling fairly well. He requested the less heavy work of the 
night porter, however. He then felt well imtil about thirty-six hours before 
admission. At that time he drank half a pint of whiskey to relieve a feeling of 
weakness before going to work. At 10 p.m., a few hours after beginning work, he 
became increasingly short of breath and was forced to quit. He was taken to a 
local hospital and was given some medicine, but was not admitted. That night 
and the following night he was imable to sleep because of the extreme dyspnea 
and orthopnea. Obtaining no relief from medicines, he came to the hospital the 
following day. 

On admission to The Duke Hospital the temperature was 37° C., pulse 100, 
respirations 60, blood pressure 190/50. The patient was a pale, anxious, mark- 
edly orthopneic young negro whose head moved rhythmically with each pulse 
beat. There was no jaundice. Axillary and inguinal lymph nodes were palpable. 
Pupils were regular and equal and reacted to light and during accommodation. 
Fimdi normal. No pulsations were seen. Pharynx and lar3mx were normal. 
The left chest was more prominent than the right and there was a visible pre- 
cordial heave. The apex of the heart was under the sixth rib, 14 cm. to the left 
of the sternum. The first sound was accentuated and there was a very loud, 
rough, systolic murmur heard over the whole precordium. Over the aortic area 
and along the left border of the sternum there was a loud blowing murmur 
occupying all of diastole. There were numerous moist rales at both bases. The 
pulse was Corrigan in type. Pistol-shot sounds and capillary pulsations were 
obvious. The liver edge was palpable 2 cm. below the costal margin. The spleen 
was not palpable. There was slight pitting edema of the ankles. 



SYPHILITIC AORTIC ENDOCARDITIS AND SUPERIMPOSED 
BACTERIAL (STREPTOCOCCUS VIRIDANS) 
ENDOCARDITIS * 

E. B. Craven, Jr., M.D. 

{From the Departmeni of Pathology, Duke University School of Medicine, 
Durham, North Carolina) 

Bacterial lesions of the valves of the heart as a sequel to syphilitic 
changes are decidedly rare. Kastner ^ in 1918 presented a case of 
sjrphilitic aortitis and aortic insufficiency vrith the subsequent de- 
velopment of an ulcerative endocarditis (endocarditis lenta) of the 
aortic valve. The diagnosis was proved by autopsy. Briggs^ in 
1922 reported one case, with autopsy, of s)q)hilitic aortic endocar- 
ditis and insufficiency, with the later development of Streptococcus 
itiridans vegetations on the previously damaged valve. Cursch- 
mann ^ in 1922 observed a case of clinical endocarditis lenta with 
aortic insufficiency, occurring in a patient with a positive blood 
Wassermann- reaction. This patient had had typical rheumatic 
febrile attacks with polyarthritis. The diagnosis of rheumatic heart 
disease could not therefore be ruled out. There was no autopsy. 
Blumer ^ in 1923 in a study of 330 cases of subacute bacterial endo- 
carditis mentions syphilis as a predisposing cause in only one case. 
The details of this case are not given. Clawson ® in 1924 reported 
220 cases of bacterial endocarditis in none of which were there 
syphilitic valvular lesions. Pineles ® reported four cases in 1926, but 
only one was studied at autopsy. S3q)hilitic aortitis and an ulcera- 
tive endocarditis (endocarditis lenta) were found. The offending bac- 
terium was not identified by culture. The other three cases reported 
by Pineles were in individuals with positive blood Wassermann re- 
actions and aortic insufficiency. From only one case was a bacterium 
{Streptococcus viridans) isolated. The occurrence of the combined 
lesion in the latter three cases is certainly not proved. The first case 
seems authentic. Thayer^ in 1926 in an exhaustive study of bacterial 
endocarditis “found among thirty-five instances of streptococcal en- 
docarditis, acute and subacute, involving the aortic valves, but two 

* Received for publication June 24, 1931. 
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Pericardial Cavity: No adhesions or excess fluid. The pericardial 
sac is almost completely filled by the enormously enlarged heart. 
Surfaces smooth and ghstening. 

Thymus: No thymus tissue seen. 

Beart and Aorta: The heart is massively enlarged, weighing 
630 gm. Measurements are as follows: Left ventricle 2 cm. in 
thickness, right ventricle 7 mm. in thickness, tricuspid valve 
13.5 cm., pulmonary valve 9 cm., mitral valve 11.5 cm., and aortic 
valve 7 cm. There is an extreme dilatation of the left ventricle, 
as well as enormous hypertrophy, and the right ventricle is 
also markedly thickened. Epicardium smooth and shiny. The 
coronary vessels are patent and exhibit no atheromatous changes. 
The myocardium is of a homogeneous pale yellow color but shows 
no scars or infarcts. Except for the aortic valve (Fig. i), the endo- 
cardium exhibits no lesions. The right cusp of the aortic valve is 
markedly retracted and shortened, the edge is thickened and grossly 
irregular, giving the appearance of having been bitten out. There 
is a perforation 2 mm. in diameter beneath its rolled edge. On this 
same cusp, near its attachment to the posterior cusp, there is a 
series of soft, friable, grayish pink vegetations which occupy an 
area 1.5 sq. mm. on the ventricular surface of the valve. From a 
portion taken for culture. Streptococcus viridans was identified, and 
the same organism was recovered from the blood stream. The pos- 
terior aortic cusp is definitely retracted and thickened, but the 
anterior cusp is essentially normal. The aortic leaflet of the mitral 
valve, over a small area exactly juxtaposed to the aortic vegetations, 
presents a few small protuberances. The mitral valve is otherwise 
normal, the edges thin and delicate. Chordae tendineae smooth, 
slender and delicate. Pulmonary and tricuspid valves show no 
abnormahties. 

On the wall of the aorta, immediately above the attachment of 
the posterior cusp, there is a wrinkled patch i cm. in diameter. The 
intima here is thrown up into coarse folds and rugae. The cut sur- 
face shows the media interrupted by dense scars. The adventitia is 
conspicuously thickened. There is a similar small puckered area 
above the anterior cusp and another on the wall of the descending 
arch. Both show characteristic medial scars. The coronary orifices 
are not involved in the syphilitic process. Microscopically there is 
an extraordinary quantity of fat in the muscle fibers. In some places 
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Laboratory Findings: Hemoglobin 11.5 gm.; red blood cells 4,100,000; white 
blood cells 9,400. The differential count was essentially normal. Urine: acid, 
specific gravity 1021, sugar o, albumin 2 plus, occasional white blood cell. Blood 
non-protein nitrogen 47 mg. per cent; uric acid 4.8 mg. per cent; creatinine 
1.8 mg. per cent. Total proteins 6.17 gm. per cent. Albumin-globiilin ratio 
62:38. Wassermann reaction strongly positive. Electrocardiogram showed 
normal sinus rhythm, levogram predominant. X-ray of the chest showed the 
heart enlarged in all ^ameters. The arch was not increased in width. 

The diagnosis was syphilis, aortic insufl&ciency, relative mitral insufficiency, 
cardiac hj-pertrophy and dilatation, cardiac decompensation. Two nights’ rest 
and digitalization produced remarkable improvement. The patient felt so well 
that it was difficult to keep him in bed. X-ray of the chest after a week, when 
the patient insisted he was well, showed no change in the heart shadow. At the 
time of discharge, three weeks after entry, there were signs of cardiac enlarge- 
ment and aortic regurgitation. The blood pressure was 148/62. He was able 
to walk about without any dyspnea. He was discharged on Nov. i, 1930, 
having had an afebrile comrse throughout. 

Six weeks after discharge one of the patient’s friends telephoned that the 
patient had been drinking heavily and that he was then afflicted with severe 
dropsy. He was advised to return to the hospital, but nothing was heard from 
him until Jan. 10, 1931, when he was seen at the Lincoln Hospital. He was 
extremely orthopneic, pale, worried, weak and discouraged. There was massive 
edema of the extremities and scrotxun. While at the Lincoln Hospital he re- 
ceived three 0.60 gm. doses of neoarsphenamine. On January 18 one quart of 
fluid was removed from the abdomen. On January 22 he was seen to be growing 
steadily weaker, and death occurred at 4.30 a.m. on January 23, seventeen 
weeks after the onset of acute symptoms. 

Autopsy Report 

External Appearance: The body is that of a young, adult negro 
male. There is marked pitting edema of all of the subcutaneous 
tissues. Skin smooth and glistening. No tissue jaimdice. Hair dis- 
tribution normal. Pupils equal. Nasal septum intact. Teeth in 
good repair. The scrotum is edematous, but its contents are normal. 

Abdominal Cavity: Peritoneal surfaces smooth and glistening. 
There is no excess fluid. The liver projects 4 cm. below the costal 
margin. The tip of the spleen is varely visible below the costal 
margin. Intestines in normal position. 

Left Pleural Cavity: No excess fluid. Surfaces smooth and glisten- 
ing except for a small area of fibrous adhesions on the posterior sur- 
face of the upper lobe. 

Right Pleural Cavity: There are 500 cc. of clear yeUow fluid, but 
no adhesions. The pleural surfaces are smooth, but have lost their 
glistening appearance. 
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bodies and trabeculae, while visible, are not conspicuous. The 
organ as a whole is quite firm and elastic. There are two small ac- 
cessory spleens. Microscopically, the vessels are distended with 
blood. There is an unusual amount of fibrous tissue in the pulp. 
Nmnerous clumps of iron pigment are noted. 

Intestines: Normal. 

Stomach and Duodenum: The gastric mucosa appears injected 
because of the marked chronic passive congestion. Duodenal mu- 
cosa normal. Ampulla of Vater patent. 

Pancreas: Grossly and microscopically normal. 

Liver: The organ weighs 2,000 gm. and measures 27 cm. by 
22 cm. by 10 cm. Capsule thin and delicate. The cut surface dis- 
closes lobules with large dark red central zones and surrounding 
pale yeUow liver tissue, the appearance being that of the typical 
“nut-meg” liver of chronic passive congestion. The gaU-bladder 
and bile ducts are normal. Microscopically, there is an extreme 
chronic passive congestion. The central veins are dilated and the 
surrounding capillaries filled with blood. In the central two-thirds 
of the lobule there is hardly a recognizable liver cell. Around the 
portal spaces there is a narrow zone of normal liver cells. 

Adrenals: The glands together weigh 30 gm. There are no gross 
or microscopic alterations. 

Kidneys: The kidneys are alike and normal in size and shape. 
The left weighs 170, and the right 160 gm. The capsules are thin, 
delicate, and strip easily. The cortices are smooth and the cut 
surface shows them to be of normal thickness. P3Tamids and 
pelves normal. Microscopically the cells of the convoluted tubules 
are excessively pale and swollen. The lumina are filled with albu- 
minous material which is also conspicuous in the capsules of the 
glomeruh. The blood vessels are distended but are otherwise nor- 
mal. No alterations of the glomerular tufts are seen. There is no 
blood in the tubules. 

Bladder: Normal. 

Prostate: Normal. 

Seminal Vesicles: Normal. 

Testis and Epididymis: Normal. 

Neck Organs: The epiglottis and vocal cords present no lesions. 
There is a diphtheritic exudate on the surface of the trachea. Thy- 
roid normal in size and consistency. Esophagus normal. 
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it is so pronounced as to impart to the muscle bundles a striking 
pallor and moth-eaten appearance. Specific fat stains show the 
droplets to be within the sarcolemma sheath. The various branches 
of the coronary arteries are normal. There are no scars or areas of 
leucocytic infiltration in the myocardium. The section of the aortic 
valve (Fig. 3) shows an extreme thickening, scarring, and vasculari- 
zation. There are great numbers of mononuclear cells, for the most 
part lymphocytes, about the blood vessels. In addition to the 
chronic changes, there is a fresh fibrinous exudate on the surface of 
the valve. Caught in the meshes of fibrin are polymorphonuclear 
and mononuclear leucocytes. The Gram-Weigert stain shows a 
small number of Gram-positive cocci occurring singly and in pairs. 
There are no bacteria in the thickened and scarred valvular tissue. 
The section from the aortic surface of the mitral valve shows a 
fresh fibrinous exudate like the above. There are a few Gram- 
positive cocci present, singly and in pairs. The lesion here seems to 
be clearly the result of contact with the infected aortic cusp. The 
adventitia of the aorta is thickened by an excess of fibrous tissue, 
and the blood vessels are surrounded by dense mantles of lympho- 
cytes. The media of the vessel is repeatedly interrupted by large 
dense scars. An unusual number of blood vessels are present in 
such areas, all with perivascular lymphocytic infiltration. The 
Verhoff-Van Gieson stain shows interruption and fragmentation of 
the elastic tissue fibers (Fig. 2). The scars extend well into the umer 
third of the media. 

Lungs: Both lungs are dark red in color and have a conspicuous 
rubbery consistency. The lower half of the right lower lobe is com- 
pressed. The cut surfaces disclose a few small grayish patches in the 
left lower lobe which contain no air. Microscopically, there are 
small patchy areas of pneumonia. The alveolar exudate is fairly 
fresh, being made up of well preserved leucocytes, fibrin strands, 
and a few red blood cells. The most striking lesion consists of the 
overfilling and distention of the capillaries with blood and the 
spilling of blood into the alveoli. There are great numbers of large 
mononuclear cells filled with iron pigment. Some of the pigment 
appears to lie free in the tissues of the alveolar walls. There are 
Gram-positive cocci in the areas of consolidation. 

Spleen: The organ weighs 120 gm. The capsule is thin and 
stretched, cut surface flat, pulp dark red in color. The malpighian 
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1. A negative history of articular rheumatism. 

2. The history of primary and secondary syphilitic lesions. 

3. A strongly positive blood Wassermann reaction. 

4. Absence of lesions of rheumatic fever in the pericardium, 
myocardium, and mitral valve. 

5. The characteristic S3^hilitic retraction, perforation and 
serrated edge of the aortic valve. 

6. Large and prominent perivascular infiltrations of the aortic 
adventitia, composed almost exclusively of small lymphoc3d;es. 

7. Large aortic vascular medial scars penetrating deeply into the 
medial coat, and with the formation of new vascular channels. 

8. The acute exudate composed of fibrin, leucocytes and Gram- 
positive cocci {Streptococcus viridans as shown by culture) on the 
surface of the aortic valve. 

9. The identification of Streptococcus viridans not only in a cul- 
ture of the aortic valve vegetations, but also from the blood. 
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Retroperitoneal and Thoracic Tissues: The aorta is described 
above. The mesenteric, renal, and coeliac arteries are not thickened. 
Portal veins and venae cavae patent. Lymph nodes not enlarged. 

Skeletal Tissues: The bones and joints appear normal on external 
examination. 

Blood-Forming Tissues: The bone marrow of the femur is made 
up entirely of fat. That of the vertebrae is rich in blood-forming 
cells. 

The axillary and inguinal l3mph nodes are enlarged. 

Anatomical Diagnoses: S3Tphilis, syphilitic aortitis, syphilitic 
aortic endocarditis and aortic insufficiency; fresh Streptococctis 
viridans aortic endocarditis; dilatation and hypertophy of heart; 
extraordinary fat accumulation in heart muscle; chronic passive 
congestion of lungs and abdominal viscera; anasarca; right hydro- 
thorax; lobular pneumonia; accessory spleens; tracheitis. 

Discussion 

The foregoing report is presented as a case of syphilitic aortitis 
and aortic endocarditis with a superimposed Streptococcus viridans 
endocarditis. It should be kept in mind, however, that Klotz,® in 
1912, and more recently, Pappenheimer and VonGlahn ® in 1924, 
described lesions of the aorta occurring in non-syphilitic individuals 
with rheumatic heart disease, which might be confused with syphi- 
litic aortitis. The lesions they described consisted of dense scars in 
the vicinity of the nutrient vessels, often acellular, and Aschoff cells 
or nodules in the adventitia, with large mononuclear and multi- 
nuclear giant cells. Other distinctive features of the rheumatic 
aortic lesions were the relative avascularity of the medial scars and 
the lack of penetration of these scars into the inner third of the 
media. In the adventitial nodules there were comparatively few 
lymphoid cells and never the dense perivascular lymphoid infiltra- 
tions customarily seen in syphilis. 

Summary 

In summary, the opinion that in the case reported here the 
changes in the aorta and aortic valve are basically syphilitic in 
nature, with a superimposed bacterial endocarditis, is supported by 
the following facts: 
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Fig. I. Aorta and aortic valve. The right coronary cusp is thickened and re- 
tracted and shows a serrated and perforated edge. The posterior cusp is 
thickened and retracted. Above the attachment of the posterior cusp there 
is a wrinkled, puckered patch of syphilitic aortitis. 

Fig. 2. Photomicrograph of the medial coat of the aorta. The interruption and 
fragmentation of the elastic fibers and the large medial scar are character- 
istic of the lesions found in the aorta. Verhoff-Van Gieson stain, x 150. 

Fig. 3. Photomicrograph of the aortic valve. The valve is thickened and in- 
:Mtrated by mononuclear cells. Attached to the surface is a fresh fibrinous 
exudate, in the meshes of which are groups of leucocytes. Hematoxylin 
and eosin stain, x 150. 
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Under these conditions the measurements of the photographic 
image of a valve bear the same relationship to the actual measure- 
ments as the measurements of the photographic image of the metal 
square bear to its actual measurements. The photograph was usu- 
ally slightly larger than natural size. 

The surface areas of the valve leaflets were determined by means 



Chart I. 


of a planimeter on photographic prints. At least two determinations 
were made with a difierence of less than 3 per cent. 

The majority of the hearts in this series were photographed within 
thirty-six hours after death, although there are several hearts which 
were photographed as late as seventy-two hours postmortem. A 
subsequent investigation has proved that variations due to post- 
mortem changes are of little consequence. 


QUANTITATIVE OBSERVATIONS ON THE VALVES 
OF THE HUMAN HEART * 

Paul Gross, M.D., and Robert A. Moore, M.D.f 

{From the Pathological Laboratories, Cleveland City Hospital and The Institute of Pathol- 
ogy, Western Reserve University, Cleveland, Ohio) 

For many years pathologists have measured the circumference of 
the valve rings of the heart, and some have attempted to interpret 
such measurements for or against the existence of incompetency 
of the valve orifice without regard for the amount of valve surface. 
It is obvious however that ring circumference is only one factor and 
that the area of the leaflets must be correlated with the circumfer- 
once in order to obtain a true judgment. During the course of 
. postiiiortem examinations it is frequently noted that a heart with 
large valve rings has large valve surfaces. The fact that the valve 
surfaces of an adult heart are larger than those of a child’s heart is 
obvious and need not be stressed. By the method to be described, 
the valve surfaces were measured in an attempt to correlate these 
variations in valve surface with the weight or age of the heart. 
Although this proved unsuccessful, a very significant relationship 
between ring circumference and valve area was found. In this 
paper we wish to present the results of the measurements of the 
valves of sixty-four hearts. 

Method 

The method is essentially one of computing lengths and areas from 
photographs of known magnification. The photographs are pre- 
pared as follows: The valves of human hearts removed at autopsy 
are opened in the usual manner and pinned upon a soft board in 
such a way that the valve ring is stretched under a tension sufiicient 
to pull it into a flat plane without distortion. The valve leaflets or 
cusps are transfixed by pins so that their entire surface is presented 
to the camera. A metal square of known dimension is placed beside 
and in the same plane as the preparation (Fig. i). 

* Received for publication July s, 1931. 
t Hanna Research Fellow in Pathology. 
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fact serves as a support for the assumption that the increase in 
valve surface is gradual and is coincident with the increase in the 
circumference of the valve ring- 

Summary 

1. A method for the determination of the surface area of valves 
is described. 

2. The surface area of a valve with a large ring is commensurately 
greater than that of a valve with a normal ring. 

Table I 

Ejfccl of Time on the Measurements of Heart Valves 


Aortic valve 

Hours Postmortem 

1 

Circumference 

Valve surface 

Difference 


mm. 

sq. mm. 

per cent 

4 

62 

1 

803 


ISO 

62 

840 

4.6 

Pulmonic valve 

4 

81 

1070 


ISO 

79 

1030 

3-7 

Mitral valve 

4 

108 

1260 

i 

! 

ISO 

no 

1220 

3-2 

Tricuspid valve 

! 

4 

143 

2160 

. . . 

ISO 

1 

1 

142 

2000 

7-4 
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Results 

The experimental error was estimated by photographing the 
same valve at different magnifications and making several prints 
of one negative. Subsequent calculations from these prints yielded 
results which did not vary more than s to 7 per cent. Comparisons 
between circumferences of valve rings as obtained from the pictures 
and those obtained by actual measurements resulted in differences 
of 3 to 7 per cent. 

The effect of time on the measurements of the valves is illustrated 
in Table I (Case No. 6356). The results indicate differences be- 
tween 3.2 and 7.4 per cent which may be considered within the 
experimental error. 

Sixty-four hearts were photographed. These photographs con- 
sist of fifty-five aortic valves, fifty-six pulmonic valves, fifty-seven 
mitral valves, and fifty-eight tricuspid valves. The measurements 
of these valves are listed in Table II. A graphical representation 
of this table is given in Chart i. This graph indicates that there 
is a commensurate increase in valve surface with an increase in the 
circumference of the valve ring. The rate of increase of valve sur- 
face is approximately the same for all four valves. 

Discussion 

The majority of the hearts are from patients who suffered from 
coronary sclerosis, generalized arteriosclerosis, pulmonary tuber- 
culosis, luetic aortitis, or pulmonary emphysema. The ages vary 
from 4 years to 80 years. Because of the variability in age and 
disease, the circumferences of the valve rings cannot be correlated 
with the age or the weights of the hearts. In all cases except those 
noted, the valve leaflets were considered normal. 

In this series of hearts, many valves were encountered whose 
rings can be definitely termed dilated. Yet these valves have cor- 
respondingly large surfaces. Such large valve surfaces as these are 
not foimd with small rings. It therefore appears probable that 
the increase in valve surface, whether due to stretching or to actual 
growth, is a gradual process which keeps pace with the dilatation 
of the ring. The valves of young normal hearts coincide accurately 
with the downward projection of the curve of large valves. This 
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Plate 19 

Fig. I. Type of photograph used for measurement of valves. 
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Data and Measurements of Heart Valves 


Case 

"Weight 

Age 

Aortic valve 

Pulmonic valve 

Mitral valve 

Tricuspid valve 

No. 

Circum- 

ference 

Valve 

surface 

Circum- 

ference 

Valve 

surface 

Circum 

fcrcnce 

Valve 

surface 

Circum 

ference 

Valve 

surface 

6212 

6220 

6222 

6223 

6227 

6228 
6230a 
6230b 

6233 

6234 

6235 

6236 

6237 

6238 

6239 

6240 
6243 
6247 

6250 

6251 

6254 

6256 

6257 

6259 

6261 

6262 

6263 
6268 

6284 

6285 

6289 

6290 

6291 
6299 
6328 

6339 

6342 

6349 

6350 

6355 

6356 
6358 
6382 
6384 
6403 
6405 
6416 
6419 
6421 
6424 
6432 
6496 
6509 
6524 

6528 

6529 

6531 

6532 
6534 
6547 
6554 

6736 

225 

300 

525 

400 

350 

600 

425 

350 

200 

250 

32s 

280 

250 

400 

175 

570 

430 

210 

350 

400 

175 

275 

100 

150 

275 

500 

62s 

250 

325 

425 

450 

300 

425 

600 

600 

400 

460 

800 

350 

225 

600 

500 

700 

450 

625 

300 

62s 

400 

250 

575 

800— 

700 

800 

350 

800 

700 

275 

700 

1 25 
300 

36 
38 

37 

38 
65 

59 

60 

54 

70 

22 
30 
24 

23 

62 

37 

56 

28 

21 

75 

54 

47 

54 

7 

22 

70 

57 

57 

63 

47 

76 

30 

44 

60 

38 

32 

63 

80 

31 

58 

31 

27 

53 

59 

39 

52 

42 

56 

59 

41 

50 

70 

59 

66 

4 

38 

40 

40 

26 

34 

7 

30 

mm. 

72 
79 
75 

77 
92 

87 

79 

78 
68 
56 
87 
68 

61 

83 

58 

83 

66 

65 

81 

75 

90 

73 

48 

58 

76* 

87 

loo 

76 

88 

72 

65 

♦ 

* 

73 

88 

78 

77 

82 

62 

68 

73 

* 

76 

I09 

86 

76 

73 

80 

* 

87 

95 

77 * 

87 

73 

50 

71 

jg. Mm. 

1075 

1050 

1160 

766 

logo 

1340 

1090 

1300 

1000 

610 

1060 

850 

770 

1150 

610 

1120 

1100 

790 

1220 

700 

1140 

850 

530 

810 

950 

1290 

1780 

980 

1380 

960 

810 

1130 

1050 

930 

1030 

970 

840 

970 

1040 

1140 

1370 

1100 

1010 

841 

980 

1560 

1300 

1500 

1410 

1260 

460 

970 

ffim. 

89 

84 
89 

85 

89 

82 

90 

86 

91 

80 

76 

93 

77 

72 
84 

71 

87 

97 

73 

92 

75 

80 

76 

55 

78 

87 

79 

8s 

86 

82 

83 

62 

81 

81 

84 

68 

87 

81 

86 

78 

90 
lOI 

83 

91 

75 

79 

91 

80 

98 

97 

71 

98 

99 

58 

78 

jj. mm. 

1350 

1130 

1108 

932 

1130 

1260 

1200 

1640 

1320 

1730 

680 

IIIO 

930 

810 

1140 

860 

1400 

1630 

830 

1170 

990 

1030 

1050 

560 

690 

1140 

1000 

1360 

1700 

1270 

1470 

630 

1180 

1190 

1190 

870 

1250 

1070 

1280 

1090 

1300 

1290 

1250 

1090 

800 

1210 

1460 

1330 

1460 

1410 

945 

1260 

1380 

550 

816 

mm. 

los 

II9 

105 

89 

I16 

127 

113 
122 
105 

93 

107 

III 

los 

114 

93 

126 

119 

100 
* 

los 

III 

118 

72 

99 

* ’ 

123 
118 
126 

115 

101 

107 

116 
128 
no 

133 

107 

109 

122 

no 

124 

II3 

133 

112 

120 

90 

118 

118 

104 

♦ 

116 

123 

125 

123 

134* 

123 

129 

100 

126 

75 

sg. mm. 

1220 

1530 

1780 

1220 

1255 

1740 

1740 

1640 

1400 

990 

1690 

1540 

1310 

1670 

1020 

1570 

1670 

1400 

1220 

1390 

1580 

630 

1140 

1690 

2080 

1700 

1650 

1340 

1260 

1820 

2000 

1720 

1760 

1320 

1510 

1900 

1220 

1580 

1720 

1940 

1380 

1810 

1000 

1830 

i6gb 

1600 

1810 

1970 

2040 

2110 

2370 

1780 

2070 

1520 

2110 

785 

mm. 

123 

136 

129 

112 

135 

148 

136 

129 

108 

130 
128 
122 
139 

115 
130 
148 

116 
127 
in 
119 
148 

109 

145 

142 
148 

145 

135 

133 

1 13 

100 

145 

141 

151 

144 

129 

143 

142 

140 

147 
154 

141 

140 

97 

148 

133 

124 

143 

160 

148 

137 

140 

154* 

121 

146 

164 

102 

rg. mm. 

1840 

2340 

2014 

1450 

2078 

2240 

2200 

2050 

1400 

2150 

1810 

1830 

2140 

1310 

2020 

2290 

1330 

2190 

1620 

1660 

1930 

IIOO 

1970 

1810 

2420 

2700 

2250 

2170 

1420 

1280 

2230 

2370 

2320 

2230 

1690 

2380 

2000 

2170 

2400 

2360 

1870 

2290 

1290 

2810 

2020 

i860 

2320 

3080 

2940 

2550 

2590 

2660 

1920 

2400 

2960 

1160 


* These valves were the seat of an acute or chronic endocarditis with a variable amount of functional change. 
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originating from undifferentiated lymphoid cells which circulate in 
the blood; later the newly formed myeloid elements pass through the 
wall of the vessel, particularly when the blood stream is slowed, and 
enter into the tissue in which proliferation is continued; (2) in 
lymphoid structures, including the spleen, free basophilic tissue cells 
and l)nnphocytes may be the source of myeloid elements; such a 
process has been found in the germinal centers of such structures, 
and (3) early myelocytes may appear outside the endothelium of 
small blood vessels and originate directly from fixed elements of un- 
differentiated embryonic character; these cells divide mitotically, 
become isolated, and skipping the stage of basophilic hemocytoblast 
immediately begin to develop specific granules in their protoplasm. 

In the embryo the hemocytoblasts of the bone marrow originate 
from the fixed and undifferentiated mesenchymal cells. In the adult 
it is rare to have this process occur, because mitoses of preexistent 
hemoc3doblasts are sufficient to supply the needs of the body for 
new myeloid elements. However, imder the stimulus of disease new 
formation of hemocytoblasts from the undifferentiated syncytium 
may occur.^* ^ 

Arnold,^ in 1866, in a study of the cytology and the chemical reac- 
tions of the suprarenal glands mentioned for the first time that these 
glands might develop blood cell elements from ectopic islands of 
bone marrow within their confines. May,^ in 1887, reviewed the 
pathological anatomy of forty-two suprarenal glands, but did not 
mention the presence of bone marrow. Arnold,^ in 1896, reaffirmed 
his belief concerning the ability of islands of bone marrow in the 
suprarenal glands to form hemoglobin, and cited a case. Sacerdotti 
and Frattin,® in 1902, studied the formation of hyperplastic bone 
marrow and stated that bone marrow is occasionally found in the 
suprarenal glands. 

Gierke,^ in 1905, was the first to present a description of the histo- 
logical data concerning bone marrow found in the suprarenal glands. 
Similar observations were reported by others (Tables I and H). 

Tanaka,® in 1912, reported finding bone marrow at the hilum of 
the left kidney of a boy, aged years, who died from rickets and 
bronchopneumonia. Certain authors stated that heterotopias of 
bone marrow that occur in the suprarenal glands represent premye- 
lomas. Oberling ° designated ectopia by the term “myelolipoma. 
Moretti stated that masses of cells that appear to be lymphocytic 



FORMATION OF BONE MARROW IN THE SUPRARENAL GLAND* 

Donaid C- Cox-UNS, M.D. 

Fellow in Pathology, The Mayo Foundation 
{From the Section on Pathologic Anatomy, The Mayo Clinic, Rochester, Minn.) 


The formation of bone marrow in the human body in sites other 
than the bone is frequently observed in old age, particularly in the 
presence of ossification of the laryngeal cartilages. Bone marrow 
has been reported to form in the spleen, liver, sclerotic aortic wall, 
and sometimes in the suprarenal glands. Experimentally, it has been 
found in kidneys of adult rabbits following ligation of the renal 
artery and vein. 

Leukemia, some intoxications and infections with experimental 
causes such as hemorrhage, or chronic poisoning by certain sub- 
stances that destroy the blood, are well known agents which in- 
fluence the organism as a whole and cause the formation of extra- 
medullary myelopoiesis in various parts of the body. The spleen is 
usually the first to be affected, followed later by the liver, lymph 
nodes and suprarenal glands. Early in most cases neutrophilic and 
eosinophilic myelocytes appear in the new situation, followed later 
by megakaryocytes and finally by erythroblasts, although these are 
not common. Histologically, extramedullary hemopoiesis is of con- 
siderable significance in studying the histogenesis and the interrela- 
tions existing between the myeloid and lymphoid elements of the 
blood. Maximow and Bloom ^ stated that the fixed histocytes are 
believed to be the stem cells and may be endowed with unrestricted 
mesenchymal potency. These stem cells divide and give origin to 
free hemocytoblasts, which in their turn proliferate and differentiate 
into erythrocytes and myelocytes. Occasionally the endothelium of 
the blood vessels may give origin to myeloid elements, and from this 
point of view may possess considerable hemopoietic tendencies. 
Maximow and Bloom stated the belief that extramedullaiy myelo- 
poiesis may originate in one of the following ways; (i) the first 
myeloid elements may appear in the lumen of venous capillaries, 

* Received for publication July 13, 
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Table I 


Cases of Bone and Bone Marrow hi the Suprarenal Glands Reported in the Literature 


Year 

Author 

Age 

Sex 

Side in- 
volved 

Size in 
mm. 

Autopsy data 

1866 

Arnold 

■ 

■ 

Right 



19OS 

Gierke 

1 

M 

Left 

24 X 1 2.5 

Mitral insufficiency and stenosis, old 
mitral and recent aortic endocarditis 

1906 

Brian 

62 

1 



Carcinoma of fundus of uterus, re- 
gional metastasis 

1911 

Hirschfeld 

■ 

M 

Left 


Hemicephalus in a new-born infant 

1913 

Hopf 

■ 





1916 

Wooley 

42 

M 

Left 

6x3 

I Xo-s 

General miliary tuberculosis, tubercu- 
lous costochondritis, acute vegeta- 
tive aortic endocarditis, caseous 
tuberculosis of right suprarenal 
gland and kidney 

1919 

Mieremet 

S 3 

M 

! 

Left 

60 X 35 X 
12 

Carcinoma of esophagus, aspiration' 
bronchopneumonia 

1922 

Herzenberg 

1 

1 

Access- 

ory 

supra- 

renal 

1X2 

Generalized arteriosclerosis, aneurysm 
of left ventricle, atrophy of Over 
and spleen, cardiac hypertrophy 

1922 

Dieckmann 

1 

M 

Left 



1925 

Jedlicka 

■ 

■ 



Two cases 

1927 

Vigi 

70 

M 

Right 



1928 

1 

Knabe 

75 

F 

Right 

7X6 

Generalized arteriosclerosis 

1928 

Omelskyj 

67 

F 

Left 

8 X 4-5 

Tuberculous pericarditis, mediastinal 
lymphadenopathy 

1929 

1 

Paul 

54 

1 

Left 

1 


Confluent bronchopneumonia, ad- 
vanced generalized arteriosclerosis 
and coronary sclerosis, arteriosclero- 
tic atrophy of kidneys, marked in- 
ternal hydrocephalus 

1930 

So6s 

S8 

M 

Left 

16 X IS 

Hemorrhage into the pons of the brain 
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are not normal histological components of the suprarenal glands. 
Goldzieher “ contended that bone, osteomas and bone marrow oc- 
curring in the suprarenal glands are the result of a metaplasia of in- 
flammatory or scar tissue and that it is comparable to the formation 
of bone m burned-out foci of tuberculosis found elsewhere in the 
body. It is his belief that more or less extensive foci of adipose con- 
nective tissue intermingled with myeloid elements that occur in the 
suprarenal glands and present the appearance of bone marrow should 
be considered as belonging to that group of conditions characterized 
by foci of l3mphocytes, as seen in association with granulomas of 
congenital syphilis, tuberculosis, and so forth. He stated that these 
areas of pseudobone marrow may be the direct result of a specific 
infectious process. 

It is generally believed that the origin of bone marrow in the su- 
prarenal glands is embryonal,^* but certain authors believe 
that bone marrow in the suprarenal glands arises from either capsu- 
lar or cortical rests. Paimz stated that bone marrow ia the supra- 
renal glands arises from preexisting bone marrow found there at the 
time of birth. Wooley is inclined toward the hypothesis that bone ■■ 
marrow arises in the suprarenal glands from metaplasia of pre- 
existing suprarenal cells. He stated that formation of bone com- 
monly occurs following tramna, with which there has been free 
extravasation of blood into the stroma of the tramnatized tissue. 
He quoted Poscharissky, who believes that there is a peculiar dis- 
position in different organs of the body toward ossification, and that 
in some organs the degree of congestion must be much greater before 
ossification occurs. It is well known from experimental work that 
more than 50 per cent of kidneys ossify following ligation of their 
blood vessels. Kruse,^^ and Newsam stated that the calcium occur- 
ring in their cases was due to embryonal metaplasia, and that a 
specific toxin caused necrosis which was subsequently followed by 
calcification. Kovacs,^^ in 1928, reported an exhaustive study on 
the pathological anatomy of the suprarenal glands in which forma- 
tion of bone marrow was mentioned. Paunz contributed a his- 
tological study on the cells that appeared to be lymphocytic in the 
suprarenal glands. He studied exhaustively the functions of the 
macrophages, but did not report instances in which bone marrow was 
encoimtered. 
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Soos classified cases of bone marrow occurring in suprarenal 
glands (Table II) into two t3rpes. The first type is characterized by 
a yellowish orange color, and on microscopic examination is seen to 
have a predominance of adipose connective tissue. The myeloid ele- 
ments are diminished and the erythroblastic elements are increased. 
The second t3^e is identified by dark red to reddish brown nodules, 
which on microscopic examination reveal a predominance of the 
cellular elements in the bone marrow, and in which the myeloid ele- 
ments are increased and the erythroblastic components diminished 
(Table II). 

In a case of bone marrow in the right suprarenal gland, observed 
at The Mayo Clinic, the patient was a man aged 32 years. He died 
of a totally unrelated disease. Gross examination disclosed a reddish 
brown nodule at the upper pole of the right suprarenal gland, meas- 
uring 12 by 9 by 8 mm. It was surrounded by a thin layer of normal 
appearing cortical suprarenal tissue averaging i mm. in thickness. 
The dimensions of the gland were 40 by 25 by 10 mm. The left 
suprarenal gland, aside from two cortical adenomas, each 1,5 mm. in 
diameter, appeared to be normal both grossly and microscopically. 
Its dimensions were 50 by 30 by 10 mm. The gross appearance of 
the upper pole of the right suprarenal gland is shown in Fig. i. 

Fixed sections 6 microns in thickness were stained by hematoxylin 
and eosin, and Giemsa-Wright stain. Five sections taken at differ- 
ent levels through the nodule revealed the following. With low 
power magnification the nodule was shown to be composed of con- 
siderable adipose connective tissue in which were islands of myeloid 
tissue. The nodule was entirely surrounded by normal appearing 
cortical cells. The arrangement of the tissue in the nodule was char- 
acteristic of bone marrow. Under high power magnification there 
was a comparative paucity of erythroblastic elements; only a few 
normoblasts were seen in the several sections. There were more 
l3miphocytes than are usually seen in typical bone marrow. Myeloid 
regeneration was marked and numerous premyelocytes, as well as 
many polymorphonuclear forms, were seen. Megakaryocytes were 
prominent in the various sections. Aside from the slight degree of 
regeneration of erythroblasts and the increased numbers of lympho- 
cytes in the nodule, it was composed of characteristic bone marrow. 
Figs. 2 and 3 show its microscopic appearance under different mag- 



BONE MARROW IN SUPRARENAL GLAND 


lOI 


Tabi^ II 

Classification of Cases Recorded in the Literature: Sods’. Method 

{Type i) 


Author 

Gross appearance * 

Bone marrow elements 

Hirschfeld 

Fatty -j— }"i — 


Hopf 

Fatty 4— j"| — 

Few myeloblasts, myelocytes, erythroblasts 

Knabe 

Fatty -{-4 

Eiythroblasts, erythrocytes, myeloblasts, myelo- 
cytes, few macrophages 

So6s 

Fatty 4*4 

Erythroblasts, erythrocytes, myeloblasts 


{Types) 


Wooley 

1 

Cellular 4 

Erythroblasts, erythrocytes, myeloblasts, myelo- 
cytes, lymphoblasts, lymphocytes, megakaryo- 
C 3 rtes (few) 

Mieremet 

Cellular 4 

Erythroblasts, erythrocytes, myelocytes, poly- 
morphonuclears, megakaryocytes, lymphocytes 

Herzenberg 

Cellular 4 

Myeloblasts, erythroblasts, megakaryocytes 

Brian 

Cellular -1 

Erythroblasts, erythrocytes, myelocytes, poly- 
morphonuclears, few lymphocytes 

Omelskyj 

Cellular 4 

Myeloblasts, myelocytes, polymorphonuclears, 
erythroblasts, macrophages, l 3 Tnphocytes 

Dieckmarm 

Cellular -| 

Myeloblasts, myelocytes, polymorphonuclears, 
erythroblasts, lymphocytes 

Gierke 

Cellular 4 

Myeloblasts, myelocytes, few polymorphonu- 
clears and erythroblasts, lymphoc 3 ^/es 

Paul 

Cellular 

Erythroblasts, erythrocytes, myelocytes, mye- 
loblasts, megakaryocytes, granulocytes 

i 


• Ratio between fat cells indicated by + and bone marrow indicated by — . 


The age of the youngest patient whose case was reported in the 
literature was 42 years, and the average age was 60.1 years (exclud- 
ing Hirschfeld’s case,^^ which occurred in a new-born infant). It was 
noted that only two patients died from symptoms and signs of supra- 
renal insufficiency; eight died from totally unrelated diseases. The 
average area of the bone marrow in eight reported cases was 15.4 by 
9.9 mm. 
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nifications. This case would seem to correspond to that of Soos’ 
second type. 

Since the suprarenal cortex and bone marrow both originate from 
mesench3mial tissue, it would be possible, under optimal physiologi- 
cal conditions with the proper stimulus, for cells of the suprarenal 
cortex to differentiate into bone marrow either during embryological 
development or possibly later. Embryonic rests of bone marrow are 
not commonly seen in the suprarenal glands. Embolism of bone 
marrow does not frequently establish new hemopoietic centers in 
distant histological structures. 

Summary 

1. Fifteen instances of formation of bone marrow in the supra- 
renal gland have been collected from the literature, with a com- 
pilation of the salient features. 

2. They have been classified according to Soos’ method. 

3. Theories concerning the mechanism of their origin have been 
discussed. 

4. An additional example has been reported from The Mayo 
Clinic with illustrations of the salient gross and microscopic 
appearances. 



DESCRIPTION OF PLATE 


Plate 20 

Fig. I. Gross appearance of the upper pole of the right suprarenal gland. 

Fig. 2. Juncture between cortical suprarenal cells and typical bone marrow. 
X4S- 

Fig. 3. Representative area in the bone marrow showing t3^ical megakary- 
ocjdes, myeloblastic and erythroblastic elements, x 400, 
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leaving an uneven granular and reddish gray surface. On section 
both cortex and medulla were reduced, the cortical striations were 
greatly distorted and the smaller vessels slightly prominent. The 
spleen was enlarged and weighed 140 gm., the capsule was thick- 
ened and stretched. On section, in the brownish red pulp, quite 
apart from the clearly defined follicles could be seen yellow and 
white areas of irregular outline. The trabecular veins were dilated 
and in many cases contained thrombi. 

Microscopically only the kidney and the spleen were examined. 
In the spleen it is seen that the whitish areas represent necrotic 
splenic pulp in which the outlines of the tissue elements can still be 
recognized. The surrounding normal splenic pulp stands out in sharp 
contrast to the necrotic areas which are for the most part fresh, con- 
tain pyknotic nuclear debris, and only occasionally show early or- 
ganization around the margin. The majority of these necroses show 
the zones which are usually found in infarcts, but a certain number 
are observed in which no such zones can be seen. These latter cor- 
respond to the atypical necroses described by Feitis, but a differ- 
entiation into types would appear to be artificial rather than real, 
since, although the extremes differ markedly, every stage between 
the two can be foimd. The pulp is normal; in places filled with 
blood both within and without the sinuses, in other places empty 
and coUapsed. The follicles are greatly decreased in size and some 
indeed have almost disappeared. Often they are more apparent 
within the necroses than in the normal splenic pulp, for the reason 
that they are more resistant to the disintegration than the sur- 
rounding tissues. Kaufmann^ has observed that the follicles are 
the structures to remain visible longest in infarcts of the spleen. 
There is nothing, however, to support the observation made by 
Feitis that the degree of disappearance of the follicle coincides with 
the degree of change of the central follicular artery. 

Most conspicuous changes are to be observed in the blood vessels. 
As other observers have noted, these changes differ with the size of 
the vessel. In the largest arteries, which run in the trabeculae, the 
intima is slightly proliferated and the linin g endothelium occasion- 
ally swollen and vacuolated. In some cases there is an infiltration of 
leucocytes within the deeper layers of the intima. With an elastic 
tissue stain it is seen that the internal lamella is usually normal, but 
may be split to form two or three layers. The media is perhaps 



MULTIPLE INFARCTS AND NECROSES OF THE 
SPLEEN (FLECKMILZ)* 


Geoffrey Rake, M.B., B.S. 

{From the Pathological Institute, Heidelberg) 

The recognition of the peculiar condition in the spleen which has 
been given the name of “Fleckmilz” came from Feitis^ who, in 
1921, described two cases and suggested the name. That the condi- 
tion is of some rarity is shown by the fact that up to the present time 
only eight cases, L 2 , 3 which can be accepted without demur as belong 
ing to the group which Feitis described, have appeared in the litera- 
ture.! The cases described by Geipel,^ Matthias,® and certainly that 
by Wilton ® are to be considered as of a different category. The op- 
portunity arose to study two cases of this condition in the Patho- 
logical Institute at Heidelberg, and since Fleckmilz has up to the 
present time received but little consideration in any but the German 
literature, and moreover since no complete understanding as to the 
pathogenesis of the condition has been reached, it was considered 
that a discussion of these cases might be of value. 

Discussion op Cases 

Case I. (From the protocol.) Female, aged 44 years, who died in 
uremic coma. At autopsy the major changes were in the heart, kid- 
neys and spleen. The wall of the left ventricle was markedly hyper- 
trophied. The kidneys were alike. Both were reduced in size. The 
capsule was slightly thickened and stripped with slight difficulty, 

* Received for publication August 15 , i93i- 

t In a recent communication {Frankfurt. Ztschr.f. Path., iQSij 4i> 43S) Elsa Adolphs 
describes three further cases. The first two of these cases have much in common with 
those already described in the literature, both as regards the changes in the spleen and 
also the presence of associated renal disease. In the third case, that of a child, the his- 
tory was very short and, on microscopic examination, the smallest arteries and arterioles 
of the kidney and spleen showed acute necrotic changes of equal duration in both or- 
gans, unassociated with any older lesions. Adolphs believes that the vascular necrosis, 
although often occurring as a direct sequela, is to be regarded as a separate condition 
from the older vascular changes which are usually, though not always (Adolphs’ third 
case), present. Further, that it is this acute necrosis, however it be produced, which is 
responsible for the peculiar lesion in the spleen and which plays a role in the fatal 
termination. 
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In and around the areas of necrosis the vessel walls are completely 
hyaline and structureless, and the lumina, such as they are, are occu- 
pied by thrombi which are usually of the same glassy character, 
rendering it difficult to differentiate thrombus from vessel wall. 
With the elastic stain the outlines of the vessels can be made out even 
in the most necrotic areas, since the elastic fibers are usually some- 
what preserved. 

The changes in the veins are very much less marked, in the areas 
of necrosis their walls are often hyaline and the lumina filled with 
hyaline thrombi. Apart from such regions the smaller veins show 
some slight thickening of the intima without any hyaline degenera- 
tion. The larger veins appear normal, but many of them contain 
large fresh thrombi in which the structure and the details of the cells 
can be observed clearly. 

In the kidney the vessels show very similar changes. The larger 
arteries show a little proliferation of the intima and reduplication of 
the internal elastic lamella. In the medium-sized vessels the changes 
are of the same nature but more marked in degree, the lumen being 
greatly encroached upon by the intimal proliferation. In the smaller 
arteries there is a hyaline change in the intima with disappearance 
of the media; the elastic fibers are fragmented and stain poorly. In 
the adventitia of some of the vessels may be seen leucocytes of which 
many are necrotic and fragmented. The arterioles are hyaline and 
often completely occluded; some show fragments of poorly staining 
elastic fibers. The hyaline change in places involves the glomerular 
loops and many of the glomeruli show an older hyaline replacement. 
In others the tissue around Bowman’s capsule is thickened and with 
elastic stain is found to contain several concentric layers of elastic 
fibers. Most of the tubules are collapsed and atrophic; a few are 
calcified. Occasionally a dilated tubule is seen containing hyaline 
casts or, more infrequently, blood. Aroimd the hyaline glomeruli 
and the collapsed tubules is a round cell infiltration. 

Case 2. A 52 year old female, who in this case also died as a re- 
sult of uremia resulting from arteriolosclerotic nephritis. The kid- 
neys were decreased in size, the capsule thickened and stripped with 
difficulty. The surface thus exposed was very uneven with wide 
gray translucent depressions and multiple small prominences. The 
organ was very hard and felt heavy. On section the cortex was 
greatly reduced and showed marked distortion of the cortical stria- 
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slightly thickened, as is the adventitia. The latter in one place con- 
tains a group of fragmented necrotic cells. 

The smaller trabecular arteries and the larger of those that run in 
the follicles show more marked changes. The intima is greatly pro- 
liferated, so much so that the lumen of the vessel is frequently very 
much narrowed, sometimes completely obstructed. This prolifera- 
tion consists of flattened fibers and elongated nuclei which lie as a 
rule more or less concentrically. Between the fibers there are, in 
many cases, numbers of leucocytes and even occasional red cells. 
With an elastic tissue stain the internal elastic lamella is seen to be 
split invariably into two or more layers. The media is thinned, 
apparently by compression; the adventitia is increased in thickness. 
In many cases in which the intimal proliferation greatly reduces but 
does not entirely occlude the lumen, the vessel has been finally closed 
by a thrombus. Most of these are fresh and their structure is easily 
recognized, but some are older and one is weU organized. 

In the stiU smaller arteries the walls are often completely hyaline. 
The endothelium may or may not be visible. Immediately outside 
this the tissue shows as a band of structureless clear material, stain- 
ing pink with eosin, while with Van Gieson’s stain it presents a yel- 
low color. Occasionally this hyaline layer may show areas in which 
it is more granular and takes a mauve stain in the hematoxylin and 
eosin preparations: these are obviously areas of more acute necrosis. 
In one place there is a small mass of calcified material. The change 
apparently starts in the intima; the media usually cannot be made 
out, and whether it has been destroyed by the compression of the 
hyaline tissue or whether it is included in this tissue cannot be deter- 
mined. The adventitia is somewhat thickened. With an elastic 
tissue stain it is seen that the elastic fibers within the hyaline layer 
are fragmented and stain very poorly. Sometimes they are alto- 
gether lacking. In the adventitia elastic fibers are proliferated. The 
lumen of these vessels is on the whole about normal. Many contain 
thrombi, most of which are fresh, though some are older and hyaline. 

The arterioles have completely hyaline walls and often these walls 
are so thickened that the lumen is entirely lost. No separate layers 
can be seen with the hematoxylin and eosin stain; with elastic stain 
one can frequently observe a layer of elastic fibers outside the hya- 
line mass, apparently in the region of the adventitia. This hyaline 
change is often present in vessels of such small size that they may be 
considered as capillaries. 
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of the larger veins showing an organized thrombus there is a little 
calcification within the intima. 

The necroses are similar to those described in the first case but are 
less frequent, smaller and on the whole fresher, with less organiza- 
tion around the margin. With an elastic stain the outlines of the 
trabeculae and blood vessels may still be seen clearly. Fat is present, 
both free and intracellular, at the margin of the necroses. 

The malpighian corpuscles are decreased in size throughout. The 
sinusoids and the pulp are for the most part filled with blood, al- 
though irregular areas are seen in which the sinuses are empty. 

In the kidney the appearances are those of a malignant arteriolo- 
sclerotic nephritis of great severity. The larger arteries show pro- 
liferation of the intima with occasional necroses of the media; the 
elastic fibers are reduplicated. The change in the arterioles is the 
most conspicuous; the great majority are completely hyaline with 
occluded lumina. Some, however, show, in addition, necrosis of the 
walls with hemorrhage and leucocytic infiltration into the surround- 
ing tissues. The elastic fibers are fragmented and stain poorly. With 
a fat stain aU these hyaline vessels are seen to contain fat in the form 
of fine droplets. The capillary loops of many of the glomeruli are 
also hyaline and occluded, and some of these glomerular tufts are 
adherent to the outer wall of the capsule. The tubules which corre- 
spond to such glomeruli occasionally contain red cells and leucocytes. 
Many of the glomeruli are completely replaced by hyaline connec- 
tive tissue, and the corresponding tubules are atrophied and col- 
lapsed. In such areas there is a conspicuous round cell infiltration. 

Comment 

When an attempt is made to elucidate satisfactorily the sequence 
of events in the spleen and to determine the factor or factors respon- 
sible for these events, but little evidence is yet available on which to 
base such an inquiry. The connection between Fleckmilz and 
chronic renal disease, usually of arteriolosclerotic type, seems to be 
clear. Lubarsch® comments on this and points out that his own 
four cases, together with those of Feitis^ and Meuret,^ show this 
association. We must, therefore, consider the changes in the spleen 
as a sequel or concomitant of the renal disease. 

The vascular changes in the spleen and kidney have much in com- 
mon. Since the deceased have, during their lives, usually shown 
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tions. Here and there were small bright red petechiae about i mm. 
in diameter, which suggested hemorrhages. The medulla was also 
reduced and the pelvis widened. Throughout the cortex the lumina 
even of the smallest arterioles were very clearly visible and ridgedly 
patent. The spleen showed but little increase in size. The capsule 
was slightly thickened and wrinkled. The pulp, on section, was seen 
to be brownish red and throughout could be seen numerous yellow 
or white areas, both small and large. 

Microscopically, in the spleen, the changes are essentially similar 
to those described in the first case. However, it may be stated that 
the degeneration of the vessel walls is of greater degree and appears 
to be, in part at least, of a more acute nature than that observed in 
the first case. The larger trabecular arteries show a thickening of the 
intima and a proliferation of the elastic lamella. In the larger follicle 
vessels a process resembling that of a dissecting aneurysm is some- 
times present. (A similar change was observed by Meuret.^) Lying 
beneath the endothehum and, as the elastic tissue stain shows, be- 
tween the layers of reduplicated elastic fibers, are collections of cells, 
both red cells and leucocytes. The vessel waU in such a place is often 
necrotic, granular, and takes a mauve stain with hematoxylin and 
eosin; in other places it is pink and hyaline. In many of the follicular 
arteries the elastic fibers are thinned and fragmented, taking the 
stain poorly. Not infrequently the adventitia shows a leucocytic 
infiltration. In many of the vessels a hyaline fibrin thrombus is 
present, forming a hollow tube around the whole periphery of the 
lumen while the center is patent. In such a place the various coats of 
the wall are distinct. 

The arterioles and capillaries are in the majority hyaline. Some, 
indeed, appear to be completely necrotic, even away from defimte 
areas of necrosis, and take only a light pmk stain. The hyaline 
change often occludes the lumen completely, but where this is not 
the case the vessel is usually plugged by a structureless thrombus. 
The majority of these hyaline arterioles are found to contain fine fat 
droplets throughout the hyaline material. The adventitia, as a rule, 
is thickened and contains proliferated fibers. This hyalin again 
stains yellow with Van Gieson’s stain. 

In the veins the intima is often thickened. Many of the medium 
and larger veins contain thrombi which are usually fresh, although 
sometimes hyaline, and occasionally old and well organized. In one 
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days’ duration. It might even be suggested that the final factor 
leading to the thrombosis of the vessels and the production of nec- 
roses must have something in common, if it be not identical, with the 
factor or factors producing the death of the patient.* 

The thrombosis of the veins which is present in these two cases 
has already been described by Lubarsch, and Feitis also found 
venous thrombi, albeit rarely, in his cases. These venous thrombi 
are even fresher than those in the arteries and in many cases must 
have been a terminal event. It is possible that they are secondary to 
the necroses to which they lie in direct relation. 

Conclusions 

As far as may be told from examining the changes in the spleen, 
the sequence of events in the cases described above would seem to be 
something as follows. Some toxic or other process leads to an endar- 
teritis obliterans of the larger and medium vessels and to a hyaline 
change of the smaller vessels (arterioles) in the kidney and spleen. 
At a later date this process becomes more acute with fulminant 
necrosis of the vessel walls and obliteration of the medium-sized and 
smaller arteries by means of thrombi. In this we would agree mth 
Meuret who came to identical conclusions in regard to the two cases 
which he studied. Owing to the number of vessels involved, the 
blood supply to areas of the spleen is shut off or reduced below that 
minimal amount required for the maintenance of the vitality of the 
tissues, so that death and necrosis occur. At the same time this 
exacerbation of the arterial and arteriolar disease would seem to 
coincide, if it is not identical, with the factors which lead finally 
to the death of the patient. Death, therefore, results but a short 
time after the onset of the necroses in the spleen which, for this rea- 
son, are mostly fresh and show only very early organization at the 
margin. 

Note: My thanks are due to Professor A. Schmincke in whose 
laboratory this work was carried out. 

* It should be pointed out, however, that the changes in the spleen may often be of 
very much longer standing. Thus, in two cases observed at the Johns Hopkins Hospital, 
Baltimore, many of the infarcts were old and well organized and the arterial thrombi 
were organized and recanalated. Besides these older changes there were fresh throm- 
boses with resultant death of areas of the spleen just as in the two cases described m 
this paper. 
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symptoms of renal disease lasting for months and even years, it 
might not be presumptuous to suggest that in such cases the renal 
disease has preceded that in the spleen where the changes are often 
so recent. If such be the case, the splenic change may be only a later 
result of the unknown factor attacking the kidney; on the other 
hand, it may be due directly to the progressive damage to the secre- 
tory mechanism of the kidney and the resultant retention of metab- 
olites in the blood. But whichever of these, if indeed either, is cor- 
rect, there is yet nothing to show why Fleckmilz appears in some 
cases of chronic renal disease and not in others. One can say at 
least that the degree of renal change is apparently not a factor. 

It seems doubtful whether the vascular changes in these spleens 
bear any relation to those hyaline changes which, as von Reckling- 
hausen ® and more recently Herxheimer ® have pointed out, occur so 
frequently in the vessels of otherwise normal spleens. There is at the 
present time no clear imderstanding as to the significance of these 
hyaline arterioles which are found with increasing frequency from 
quite early childhood onward to old age. They have no definite rela- 
tion to any particular disease or group of diseases and must perhaps 
be considered as a peculiarity of the spleen itself. In cases of Fleck- 
mik there are certain important features which differ from those to 
be observed in the vessels of normal spleens. The obliterative endar- 
teritis which is so prominent in Fleckmilz is very rarely foimd in the 
“normal” arteriolosclerotic spleen; moreover, the arterioles and 
smaller arteries in the latter condition never show the more acute 
necrotic and destructive changes which are present in Flec km i l z 
and indeed characterize the condition. The multiple thrombi which 
arise probably in connection with this more acute necrosis are of 
course a characteristic of Fleckmilz. 

The fact that the hyaline arterioles stain with Van Gieson a dull 
yeUow-red shows that the hyaline material must have been present 
for some time; and this for the reason that, in its early stage, such 
material is strongly acidophilic and takes a bright pink color, only 
later becoming more yellow — the color noted in these cases — and 
finally assuming a light canary hue. This hyaline change must, 
therefore, have preceded by some considerable time the thromboses 
and even more, the necroses of the pulp. Both of these, but espe- 
cially the latter, are fresh, and this is a feature which was present 
also in Lubarsch’s cases. Neither seems to be of more than a few 
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ing a cold night. Cage mates were not affected by the weather, so 
that death could not be attributed to that factor alone, although, in 
view of the rather meager postmortem findings, it may have had a 
considerable part. 

At autopsy the only visible changes were a mild myocardial 
fibrosis, a low-grade chronic enteritis, and an inconspicuous group of 
petechial hemorrhages on the surface of the pancreas. Only a small 
part of the pancreas, i to 2 cm., near the middle of the body of the 
organ was involved. The area was not diffusely congested, the organ 
seemed normal in consistency, fat necroses were not seen, there was 
no reaction in the surrounding mesentery, and regional lymph nodes 
were within normal limits. Hemorrhages were seen also on section 
through this part of the organ. 

Microscopic sections of the involved area presented the following 
appearance. In about half of the lobules included in the section, 
islands of Langerhans were not seen. Acinus cells were present only 
in small, isolated groups, occasionally forming irregular acini but 
usually having no definite arrangement. These cells were small and 
basophilic, and nuclei were pyknotic. The parenchyma of the organ 
in this region was completely replaced by small, closely placed duct- 
hke structures growing in aU directions (Fig. i). These were made 
up of elongate pale staining cells with large vesicular nuclei, closely 
resembling those of the acinus extensions of the intralobular ducts 
(Fig. 2) . Mitoses were rarely seen. The intra- and interlobular ducts 
in this area were, in many instances, also lined by hyperplastic 
epithelium frequently growing in folds or papilliferous elevations 
into the Imnen, with loss of cellular polarity. The interlobular fi- 
brous tissue was definitely increased in amount and cellularity. Num- 
erous fibrous bands passed into the lobules dividing and subdividing 
them. Occasional small hemorrhages associated with an infiltration 
of polymorphonuclear eosinophils and neutrophils were present in 
the areas of fibrous tissue proliferation. 

The pancreatic lobules immediately adjacent to the area just de- 
scribed presented a transition stage between this and the nearby 
normal tissue (Fig. 3). Here there was a definite alteration in the 
appearance of the acinus and island cells. Nmnerous acini were dis- 
tinally malformed and the cells shrunken, and the islands of Langer- 
hans appeared to be mdergoing degeneration. Here also, numerous 
small duct-hke structures similar in every way to those in the com- 
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REPORT OF TWO CASES 
Herbert L. Ratcitffe, Sc.D. 

(From the McManes Laboratory of Pathology of the University of Pennsylvania, 
and the Laboratory of Comparative Pathology of the Zoological Society of 
Philadelphia, Philadelphia, Pa.) 

The infrequent occurrence of timiors in apes and monkeys, as 
compared to other orders of wild animals maintained in zoological 
gardens,^ might be taken as indicating a relative insusceptibility. 
However, as Zuckerman ^ has recognized, the average span of life of 
the lower primates in captivity is considerably shortened by acute 
and chronic infections. In fact, the loss of life due to accidents of 
captivity reduces the average length of hfe to a small fraction of the 
“potential longevity.” ® Also, as a rule, monkeys and apes are ob- 
tained as immature animals so that with the high mortality rate few 
live beyond the early years of maturity. Therefore, at least so far as 
malignant epithelial tumors are concerned, it is not surprising that 
the incidence is low. 

In view of these facts the two cases presented here are interesting, 
not only because of their rarity, but also because both animals had 
lived in captivity considerably longer than the average for their 
species. Their approximate age at capture is not known. 

Report of First Case 

The first of these cases was a female yellow baboon, Papio cyno- 
cephalus. The ovaries still contained active follicles when examined 
at autopsy, so perhaps it is permissible to put the age of this animal 
not beyond that comparable to the fourth decade for man. She had 
lived in the Philadelphia Zoological Garden for eighteen years and 
for a considerable part of this time had been kept in an outdoor cage 
during the entire year. No illness, loss of weight or appetite was 
evident prior to death, the body being found on the morning foUow- 

* Received for publication September ii, 1931. 
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Report of Second Case 

The second case was a male Japanese Macaque, Macacus fuscatus. 
This animal had lived in the Gardens for over fifteen years but had 
been in poor health for two years before death. About six months 
before death he began to lose weight but continued to eat as usual, 
although he occasionally vomited after eating. Vomiting became 
progressively worse, so that finally he was unable to take solid food 
and was sacrificed. 

On opening the esophagus at autopsy an obstruction was encoun- 
tered at the cardia. For a space of 4 to 5 cm. the lower esophageal 
wall was I to 2 cm. thick and completely encircled by a tough, pale 
mass that destroyed the elasticity of the tube and caused an irregu- 
lar low-lying elevation of the mucosa, so that the lumen was practi- 
cally obstructed. The mass extended into the stomach as an irregu- 
lar elevation of the mucosa about the cardiac orifice. Areas of 
erosion or ulceration were not seen. Lymph nodes adjacent to the 
cardia and lesser curvature were enlarged, pale gray and tough. 
Several nodes of the splenic group were invaded also, but there was 
no involvement of the liver and other viscera. 

In microscopic section the submucosa and muscular coats of the 
esophagus and stomach were diffusely infiltrated by large groups of 
basophilic cells (Fig. 5). Many of these groups of cells occupied 
endothelial-lined spaces, probably lymphatics. In some areas there 
was also definite extension into the lymphatics of the gastric mucosa 
and the serosa. The infiltrating cells were generally of medium size, 
irregularly polyhedral in shape, with indefinite outlines and strongly 
basophilic nuclei. These cells closely resembled epithelium of the 
basal type. Mixed with the masses of small cells were numerous 
large ones with large, irregular dark staining nuclei. Occasional 
groups of pale cells approaching the acanthus type were also seen 
(Fig. 6). Mitoses, some multipolar, were numerous. These findings 
seem to indicate that this was a tumor of definite malignancy, appar- 
ently arising from squamous epithelimn, and to justify the diagnosis 
of epidermoid carcinoma. 

An additional finding in this animal was the presence of a diffuse 
low-grade hyperplasia of the bile ducts without evidence of obstruc- 
tion. This was associated with cysts on the surface of the liver and 
may be only a part of the congenital defect represented in these 
structures. 
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pletely altered area were growing between the acini, and fibrous 
tissue was increased in amount and cellularity. This intermediate 
■change was obvious enough in regions adjacent to the completely 
■altered area and gradually faded out as the normal lobules were 
approaclied (Fig. 3). This appearance gave the impression of a 
spreading growth or growth-stimulus that extended from one area 
•outwards to involve adjacent parts of the organ. This change was 
•evident also in single lobules in which part of the tissue was rela- 
tively unchanged, the remainder being replaced by the duct-like 
structures (Fig. 4). 

Certain features, particularly the small hemorrhagic areas with 
leucocytic infiltration, and the rarity of mitoses, may lead to the 
thought that the whole process is inflammatory. In fact this opinion 
has been expressed by some pathologists who have seen the sections. 
However, there is little to support this idea. Instead, the complete 
•disappearance of normal pancreatic tissue in a considerable number 
of the lobules included in the sections; its replacement by a growth 
of duct-lflce structures; the apparent spreading character of the 
.growth to adjacent lobules; the hyperplastic condition of the epithe- 
lium of the larger ducts, with loss of cellular polarity and the ac- 
•companying increase in fibrous tissue, all seem to indicate a definitely 
malignant growth and to warrant the diagnosis of adenocarcinoma. 
The marked infrequency of mitoses was due probably to the fact 
that the body was thoroughly chilled for several hours after death. 
The inconspicuous size of the tumor seems to be explained by con- 
sidering this a chance finding of an early growth stage. 

A second interesting finding in this animal was the presence of a 
relatively large uterine polyp, about 3 cm. in diameter, growing 
from the mucosa of the right tube and extending into the uterine 
•cavity. The base of this growth was constricted, giving it a pedun- 
culated appearance, and it seemed to be covered by an intact mu- 
cosa. In microscopic section the polyp was made up of dense cellu- 
lar fibrous tissue in which numerous closely placed epithelial-lined 
spaces were seen. Some of these were dilated and papilliferous pro- 
jections extended into them. The epithelium everywhere presented 
an orderly type of growth and the diagnosis of endometrial cyst- 
adenoma seems justified. 
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Fig. I. Case i. A photomicrograph of a completely altered area in the pan- 
creas. The tissue is replaced by duct-like structures. The small dark 
staining masses are remnants of acinus cells. The increased fibrous tissue 
is also shown, x 70. 

Fig. 2. Case i. Showing the cellular character of the tumor growth which 
consists of duct-like structures. The component cells are large and pale 
with vesicular nuclei. The dark staining cells are remnants of acini, x 390. 

Fig. 3. Case i. Shelving a transition stage between the completely altered 
areas and a relatively xmchanged lobule. In the upper half of the field dis- 
integration of the parenchyma of the pancreas, and the ingrowth of the 
duct-like structures is seen. The section of an adjacent lobule included in 
the lower part of the field shows it to be relatively normal, x 160. 

Fig. 4. Case i. Showing the spread of the growth within a single lobule. The 
upper part of the field is the altered area, the lower relatively unchanged, 
x 160. 

Fig. s. Case 2. This photomicrograph is taken from a section through the 
gastric mucosa and shows the extensive infiltration of the submucosa by 
groups of epidermoid cells, x 70. 

Fig. 6. Case 2. Showing a single group of the invading cells. Several of the 
included cells seem to approach the acanthus type, x 390. 
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Discussion 

Five malignant tumors, four carcinomas and one sarcoma, have 
been found in monkeys dying at the Philadelphia Zoological Garden. 
These have all occurred in Old World monkeys, Cercopithecidae. 
The four animals which developed cancer had lived in captivity from 
eleven to eighteen years, with an average of plus fourteen years. 
This is more than three times the average length of life in captivity 
for the family. 

These data are extremely scanty and those from other sources do 
not allow comparison. However, the present series strongly sug- 
gests that the incidence of tumors in the order primates will more 
nearly approach that of other groups of wild animals in captivity as 
more correct hygiene in zoological gardens becomes reflected in an 
increased longevity. 

Summary 

Two cases of malignant epithelial tumors m monkeys are de- 
scribed. The first was an early adenocarcinoma of the pancreas in a 
yellow baboon, Papio cynocephalus. An endometrial cystadenoma 
was found in this animal also. 

The second case was an epidermoid carcinoma of the esophagus in 
a Japanese macaque, Macacus fuscatus. In this animal there was also 
a diffuse h3q)erplasia of the bile ducts. 
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I micron in diameter were found. The cell body was spongy and the 
pole near the nucleus was filled with granules. The nucleus ap- 
peared to be separated from the cell body by a membrane. The 
large cells were most numerous in the interstitial tissues of the kid- 
ney, in association with areas of congenital luetic inflammation. 

Lowenstein,^ working in Ribbert’s laboratory in 1907, found in- 
clusions in both parotid glands in four of thirty infants. He de- 
scribed without recognition the cytoplasmic, as well as the nuclear 
inclusions. Additional instances were reported in 1910 by Pisano,^ 
who found inclusions in the kidneys, liver and lung, and Mouchet,® 
who noted inclusions in the bile ducts. PettaveH in 1911 studied 
the thyroid of a 10 day old prematurely bom infant, and described 
peculiar degenerative changes in the epithelial cells. Although he 
did not recognize the inclusions, the illustrations in his paper leave 
no doubt that he was dealing with the same t3^e of inclusion bodies. 
This marked the first finding of the inclusions in the thyroid gland. 
In 1910, and again in 1914 Smith and Weidman ® described sim- 
ilar findings and concluded that they were dealing with protozoa. 
They gave the name Endameba mortinaialium to the stmctures. 
Jackson ® in 1920 called attention to cells which she called protozoan 
parasites, in the ducts of salivary glands of guinea pigs. These were 
apparently identical with those noted in infants. Goodpasture and 
Talbot in the following year reported the finding of similar struc- 
tures in the limgs, liver and kidneys of a 2 months’ old infant. The 
salivary glands were not examined. On the basis of their study of 
this case, and of salivary glands of guinea pigs, they concluded that 
they were dealing with a new kind of abnormal cytomorphosis, to 
which they gave the name cytomegalia. They stated definitely that 
the stmctures were not protozoa and they described not only the 
intranuclear inclusions, but the cytoplasmic inclusions as well. 

In the following year de Lange “ reported the inclusions in the 
kidney, and Muller “ described a similar finding in the kidneys of 
three infants. VonGlahn and Pappenheimer found the inclusions 
in the intestines, liver and lungs of a 36 year old man, for the first 
time in an adult. Walz in 1926 observed the inclusions in the 
pancreas, as well as in the kidneys, liver, lungs and thyroid of a new- 
born infant. In a discussion of Walz’s paper von Albertini men- 
tioned a similar unreported observation. The last case report was 
by Wagner,^** who noted the inclusions in the lungs, kidneys, liver. 
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INTRANUCLEAR AND CYTOPLASMIC INCLUSIONS (“PROTOZOAN- 
LIKE BODIES”) IN THE SALIVARY GLANDS AND OTHER 
ORGANS OF INFANTS * 

Sidney Farber, M.D., and S. Burt Wolbach, M.D, 

(From the Department of Pathology, Harvard Medical School, and the Pathology Labora- 
tory of the Children's Hospital, Boston, Mass.) 


A routine study of the salivary glands in a fairly large series of 
postmortem examinations on infants has revealed a hitherto unsus- 
pected large number showing intranuclear and cytoplasmic inclu- 
sions in the duct epithelium, often in intimate association with foci 
of lymphocytic infiltration. In two infants inclusion bodies were 
found in cells in epithelial-lined spaces in various organs of the body. 
These findings are included in this report. 

Literature 

Ribbert ^ in 1881 first noted large “protozoan-like” cells in the 
kidney of a luetic stillborn infant. In 1904 he published this 
observation, together with a description of similar structures in the 
parotid glands of two non-luetic infants. The large cells occurred 
within ducts, singly or in groups. He was preceded in publication 
by Jesionek and Kiolemenoglou,^ who noted the large cells in the 
lungs, kidneys and liver of an 8 month luetic fetus. The large cells 
averaged from 20 to 30 microns in diameter and were usually oval 
in outline with a well defined, though not sharply stained, cuticular 
zone having the appearance of a capsule. The nuclei were large 
and eccentrically placed. Each contained a “central nuclear body 
surrounded by two well defined zones, an inner dark and an outer 
clear zone. In the clear zone deeply staining granules averaging 

* Received for publication December 10, 1931. 
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pancreas, thyroid, epididymis and sublingual gland of a 2 weeks’ 
premature infant, in whom no evidence of congenital lues could be 
found. He also found the inclusions in the parotid glands of four of 
a small series of infants. 

An excellent review of the cases mentioned above, and a discus- 
sion of the various explanations advanced are given by VonGlahn 
and Pappenheimer,^® so that a more complete review need not be 
given here. The cases are summarized in Table I, which is a com- 
bination of the tables of VonGlahn and Pappenheimer,^^ and Walz,^^ 
with corrections and additions. It will be noted that the distribu- 
tion of the inclusions in the various organs of the reported instances 
is as follows: 


Kidneys ii cases 

Parotids 10 

Limgs 8 

Liver 8 

Pancreas 2 

Thyroid 3 

Intestine i 

Sublingual gland 1 

Epididymis i 


Goodpasture and Talbot first called attention to the similarity 
of these bodies to a structural variation in the intranuclear body 
described by Tyzzer in cutaneous lesions in varicella. Although 
the protozoa theory was kept alive in Germany until 1930 (Wag- 
ner a new significance was given these findings in 1921, when 
Lipschiitz^^ reported that similar structures are constantly asso- 
ciated with the lesions of the herpes virus in man and rabbits. Later, 
due to the work of Cole and Kuttner and to a number of in- 
tensive studies which have appeared from the laboratories of Good- 
pasture and Cowdry ^ and their associates, a mass of data 
has accumulated to show that a definite relation does exist between 
inclusion bodies and certain types of filtrable virus disease (variola, 
vaccinia, sheep-pox, fowl-pox, molluscum contagiosum, herpes, sub- 
maxillary virus disease of guinea pigs, and so on). Goodpasture 
believes that such intranuclear inclusions indicate an intranuclear 
localization of the infective substance in filtrable virus disease. The 
controversial theories and data are admirably expressed by Good- 
pasture 20 in a recent review of the subject of inclusion bodies in re- 
lation to the etiology of virus diseases. 



128 


rAUBER AND WOLBACH 


Pearson in a recent study called particular attention to the 
cytoplasmic inclusions. In a study of guinea pig salivary glands he 
found these inclusions to be spherical or oval in shape, and varying 
in size from a fraction of a micron up to 6 to 8 microns. They do not 
contain fat or lipoid in demonstrable amounts. Pearson had the 
opportunity of studying two cases from our group reported here, 
and found the guinea pig cytoplasmic inclusions indistinguishable 
from “certain cytoplasmic inclusions of rare occurrence in the hu- 
man submaxiUary glands.” We have examined the salivary glands 
of a small munber of normal guinea pigs and have noted on several 
occasions inclusions apparently identical with those found in our 
series of infant submaxiUary glands. The guinea pig salivary gland 
inclusions were often accompanied by marked lymphoid infiltration. 

In a discussion to a preliminary report of this study ^ Dr. Oskar 
Klotz of Toronto mentioned that inclusions similar to those de- 
scribed here were found by Dr. J. Thompson in the submaxiUary 
glands in 14 per cent of a series of rats 2 months’ old. These rats had 
been subjected to experiments on vitamin D over a short period. 
On the same occasion. Dr. E. V. Cowdry of St. Louis stated that 
Dr. G. H. Scott had found no inclusions in one hundred newborn 
infants and fetuses coUected in St. Louis, Minneapolis and the 
Middle West. 


Discussion of Present Series 

The submaxiUary glands, and often the parotid glands, were re- 
moved in a consecutive series of autopsies on infants to determine 
the incidence of inclusion bodies in the saUvary glands of infants, 
and to study the clinical and general pathological features of the 
cases hi which these inclusions occurred. A portion of each gland 
removed was put immediately into sterile glycerine for further ex- 
perimental work, and the remainder fiixed in Regaud’s fluid. Rou- 
tine stains were made with hematoxylin and eosin; Giemsa and 
eosin-methyline blue were also employed. A study of the prepara- 
tions showed the inclusions in twenty-two or 12 per cent of the 
183 cases studied. In addition, two cases in which the submaxUlary 
inclusions were noted on a previous occasion, and two others in 
which inclusions were found in various body organs were studied 
with this series, making a total of twenty-six cases available for 
clinical and general pathological analysis. It might be weU to stress 
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Table n 


Present Series with Inchisions in Subtnaxillary Glands 


f'No. 

Case No. 

Age 

Sex 

Pathological diagnoses 

I 

A-29-24S 

10 mo. 

Male 

Miliary tuberculosis, Strep, hem. septicemia 

2 

A-29-246 

II mo. 

Female 

Idiopathic hypertrophy of heart, terminal 
pneumonia 

3 

A-30-I 

8 mo. 

Male 

Congenital lues, Strep, hem. septicemia 

4 

A-30-8 

12 mo. 

Female 

Miliary tuberculosis, tuberculous meningitis, 
osteomyelitis 

S 

A-30-39 

7 mo. 

Male 

Pneumococcus septicemia, pneumonia, otitis 
media 

6 

A-30-S2 

8 mo. 

Male 

Strep, hem. septicemia 

7 

A-30-69 

17 mo. 

Male 

Miliaiy tuberculosis 

8 

A-30-72 

5 mo. 

Female 

Pneumonia, enteritis 

9 

A-30-78 

17 mo. 

Female 

Pneumonia, otitis media 

lO 

A-30-79 

IS mo. 

Female 

Umbilical hernia, pneumonia 

Miliary tuberculosis, pneumonia 

II 

A-30-80 

17 mo. 

Female 

12 

A-30-84 

3 mo. 

Male 

Pneumonia, otitis media 

13 

A-30-98 

II mo. 

Female 

Meningococcus meningitis 

14 

A-30-99 

mo. 

Female 

Strep, hem. septicemia, pneumonia 

IS 

A-30-I07 

3 mo. 

Female 

Pneumonia, otitis media 

i6 

A-30-IIO 

8 mo. 

Male 

Pneumonia, otitis media 

Meningococcus meningitis 

17 

A-30-III 

7 mo. 

Female 

i8 

A-30-I17 

13 mo. 

Male 

Miliary tuberculosis 

19 

A-30-181 

2§ mo. 

Male 

Pneumonia, otitis media 

20 

A-30-192 

6 mo. 

Male 

Pneumonia, otitis media 

21 

A-30-242 

8 mo. 

Male 

Chronic bronchopneumonia 

22 

A-31-13 

3^ mo. 

Male 

Congenital lues, pneumococcus septicemia 

23 

A-1009 

S mo. 

Male 

Keratomalacia 

24 

A-24-48 

4| mo. 

Male 

Keratomalacia 


Table ni 

Present Series with Inclusions in Viscera 


No. 

Case No. 

Age 

Sex 

Pathological diagnoses 

I 

A- 30 -IS 9 

20 days 

Female 

Hemorrhagic diathesis, inclusions in lungs, 
kidneys, liver, pancreas and thyroid 

2 

A-31-110 

2 days 

Male 

Erythroblastosis, inclusions in kidneys, 
lungs, pancreas and liver 


ditions in even so small a series can serve to halt, for a time at least, 
any speculation as to the association of the inclusion bodies with 
any single disease. 

The fact that 8o per cent of the cases occurred in individuals 
under i year of age, that is, during a period when known diseases 
associated with a filtrable virus are rare, is of more than passing 
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the fact that in none of these cases was attention called to the 
submaxillary or parotid glands during life. 

The clinical and pathological records of the twenty-six patients 
can be summarized as follows: 

Age: Twenty-one instances ranged from 2 days to i year of age; the remain- 
ing five from 13 months to 17 months. 

Sex: There were fifteen males and eleven females. 

Season: The cases were scattered throughout the period of a year, with no 
definite seasonal preponderance. 

Past History: In twenty-five of the twenty-six infants, the past history was 
essentially negative. There was no history of mumps or of infection in the gen- 
eral region of the salivary glands in any of the cases. The group includes both 
breast and artificially fed infants. Only one of the group had a history of con- 
tagious disease. This patient had measles, followed four months later by fatal 
miliary tuberculosis at 17 months’ of age. 

Present Illness: Vomiting and diarrhea marked the onset of illness in four 
cases. These were regarded as acute nutritional disturbances. In three in- 
stances the fatal lUness had a sudden onset and a brief course, with death 
occurring in five to twenty hours. One of these had Streptococcus hemolyticus 
septicemia, one acute f ulmin ating meningococcus meningitis, and the third died 
five hours after an operation for the repair of a large umbilical hernia. 

There were s3Tnptoms referable to the central nervous system in several cases 
of meningitis due to various microorganisms, but there were no cases with un- 
explained manifestations of central nervous system disturbances. The re- 
mainder of the group had signs and symptoms referable to acute inflammation 
somewhere in the body, most often in association with the upper respiratory 
tract. 

Clinical Course: The clinical coiurse was variable and was usually character- 
istic of the particular disease. The duration of the fatal illness varied from sev- 
eral weeks to several hours. 

Temperature: The tempera tiure was usually high, varying in most cases from 
101° to 104° F, the highest temperature occurring terminally in the instances of 
tuberculous meningitis. 

Cause of Death: An adequate cause of death was foimd in every case. Five 
died of acute miliary tuberculosis, one having in addition a Streptococcus hemo- 
lyticus septicemia. Three could be grouped tmder the term “acute nutritional 
disturbance” ending with terminal infections. Bronchopneumorda and otitis 
media were the main features in three instances. There were two cases of pneu- 
mococcus septicemia, and two (not of the present series) of keratomalacia. 
Congenita] lues occurred in but two patients. The other causes of death oc- 
curred singly (Tables II and 111 ). 

This summary indicates that there are no findings which would 
justify the grouping of these cases into a single, or even a homo- 
geneous, clinical or pathological class. The outstanding features 
common to most of the group are h3^erpyrexia and acute infection 
somewhere in the body. The occurrence of such heterogenous con- 
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times absent in one. Where the inclusions were numerous the ducts 
were often dilated, and areas of lymphoid infiltration (Fig. i) were 
usually present in the immediate vicinity of the inclusion-laden 
ducts and acini, replacing areas of gland parenchyma. Such areas 
of infiltration are similar to those described by Gordon and were the 
most prominent accompan5dng pathological processes. In a few 
of the “negative” gland preparations areas of acute inflammation 
consisting of collections of pol3miorphonuclear leucocytes were 
noted, but inclusions were lacking. Where the inclusions were 
rare lymphocytic infiltration was usually absent, and there was no 
demonstrable associated pathological process. The large cells were 
found always in acini and ducts of the submaxiUary glands, and 
their relationship to the lining epithelial cells appeared definite. 

In the viscera the cells were always in epithelial-lined spaces — 
in the tubules of the kidney, the bile ducts of the hver, the acini and 
ducts of the pancreas, the acini of the th3u:oid, and the alveoli and 
bronchioles of the lung. They were never found free in the inter- 
stitial tissues, blood vessels, or m association with cells of other than 
epithelial type. This is in contrast to the observations of several of 
the earlier authors. No distinctive pathological process was found 
in these organs, the large cells often being found in otherwise normal 
appearing areas. In one kidney tubule there were large cells, so 
munerous and large in size that the lumen of the tubule appeared 
almost obliterated. The greatest munber of large cells found in the 
organs of the body were in the kidney, lung and liver. Relatively 
few large cells were found in the pancreas and thyroid. None were 
noted in the intestine (VonGlahn and Pappenheimer). The epididy- 
mis was unfortunately not examined, so the observation of Wagner 
could not be verified. 

The cells varied greatly in size, most authors mentioning a vari- 
ation of from lo to 35 microns, with an average size of 25 microns. 
Most often the large cells could be recognized under low powers, 
after some training. The shape of the cells varied from round or 
oval to elongated or markedly irregular outlines. Rare multinucle- 
ated cells containing inclusions were found. A sharp nuclear mem- 
brane divided the nucleus from the cytoplasm. Within the nuclear 
membrane was a large inclusion body which varied considerably 
in size, shape and staining intensity. Usually the intranuclear in- 
clusion appeared as an ovoid or elongated, dense, homogeneous 
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interest. The series is naturally too small to permit any conclusions 
in regard to sex or seasonal incidence. The past history was essen- 
tially negative, except in one instance where measles occurred four 
months before death. Local factors are ruled out by the absence of 
a history of mumps or of any apparent lesion of the salivary glands 
during life. The cKnical signs and symptoms were all satisfactorily 
explained by the clinical course and the postmortem findings. Of 
particular interest is the fact that there were no unexplained central 
nervous system disturbances. Congenital lues, with which many of 
the early reported cases were associated, was found but twice in this 
series. A listing of the cases by diseases and causes of death would 
show, in general, an approximate cross-section picture of the entire 
series from which this group was selected. 

Gordon in 1913, and again in 1914 reported the association 
of pyrexia, coUapse, diarrhea and vomiting, with symptoms of 
meningeal irritation followed by death in from twenty-four hours 
to twelve days in a group of twelve children, who at autopsy showed 
no adequate cause for the signs and symptoms. In the salivary 
glands of these patients Gordon found areas of interstitial inflam- 
mation consisting mainly of lymphoc3d;es. His descriptions and 
illustrations resemble very much similar areas of infiltration which 
were found in the vicinity of the inclusions in our material. How- 
ever, Gordon states definitely that the ducts were clear, and he 
makes no mention of either intranuclear or cytoplasmic inclusions. 
He examined the sahvary glands of thirty other individuals, vary- 
ing from infancy to old age, and found two of that group which 
showed areas of lymphocytic infiltration similar to those found in 
his main group. These were both adults who died of peritonitis. 
There are no points of similarity between Gordon’s group and the 
present series, except clinically the hyperpyrexia, and pathologically 
the areas of lymphocytic infiltration in the salivary glands. 

Description of Microscopic Findings 

In the series of submaxillary glands studied, the munber of cells 
containing inclusion bodies varied from large collections scattered 
over many fields to single cells which were found only after a long 
search. Often inclusions were present in one gland only. When two 
blocks were taken from the same gland the inclusions were some- 
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Summary and Conclusions 

In the submaxillary glands removed in a series of 183 postmortem 
examinations on infants, large cells containing intranuclear and 
C3d;oplasmic inclusion bodies (“protozoan-like bodies”) were found 
in twenty-two cases (12 per cent). In addition, two older cases vith 
inclusions in the parotid and submaxillary glands, and two instances 
in which inclusions were found in epithelial-lined spaces of the liver, 
lungs, kidneys, pancreas and thyroid are reported, making a total of 
twenty-six new cases to be added to the twenty-five already in the 
literature. All the patients in this series were less than 17 months of 
age, the majority being under i year. These inclusions are appar- 
ently identical with those found in the submaxillary glands of 
guinea pigs, and are generally similar to mclusions which are found 
in diseases due to filtrable viruses. Clinical and pathological studies 
of the series reported reveal no association with any distinctive 
feature or group of symptoms or disease changes. The frequency of 
the inclusions in our postmortem series suggests geographical factors 
affecting this occurrence and leads naturally to the suspicion of the 
existence of a disease in infants of filtrable virus etiology. However, 
if that be true, there are no distinctive clinical or pathological fea- 
tures which would permit its recognition on the wards or in the 
pathology laboratory. The clinical and pathological findings in the 
“positive” instances resemble, in general, the findin gs in the entire 
group studied. 
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acidophilic body. Often the body stained more deeply in the central 
portion and shaded off slightly to a paler portion at the periphery. 
The outline of the body was usually not sharp. In some instances 
delicate honeycombing to coarse vacuolization could be observed 
within the inclusion body. No finer structures could be recognized. 
Surrounding this body, and between it and the nuclear membrane, 
there was usually a clear zone which varied in size with the outline 
of the nuclear inclusion body. Occasionally the dear zone was en- 
tirely obliterated by the encroachment of a vacuolated, swollen, 
nudear indusion body. In the dear zone there were usually one or 
two, sometimes three or four small, round to oval or spherical, dense, 
basophilic, granular masses, which in some cases had apparently 
fused to form irregularly shaped, densely staining clumps. In rare 
instances, in the cells of comparatively small size, no definite nudear 
body was found. In the dear zone of such nuclei twenty to thirty 
small, densely staining masses of chromatin material were scattered, 
sometimes distributed in almost concentric arrangement, and at 
other times gathered in groups adjacent to the nuclear membrane. 
This we regard as an early stage in the formation of the indusions. 
One perplexing feature in our study of the inclusion bodies was the 
failure to find small forms which could with confidence be interpreted 
as stages in formation. If the inclusions were present at all they 
were strikingly alike and within a constant narrow range of size and 
detail. 

The C3^toplasm of the cells with inclusions was basophihc in stain- 
ing reaction, and usually contained a few to large munbers of dense, 
basophilic, oval to spherical granules which varied greatly in size. 
Often these cytoplasmic indusions appeared almost round in shape, 
and were arranged in curved rows, conforming to the shape of the 
cytoplasm. The cytoplasmic indusions were present in almost aU of 
the large cells in the submaxillary glands, and in most of the large 
cells in the organs of the body. Often, when they were apparently 
lacking, better stained sections would bring the cytoplasmic indu- 
sions out more dearly. The cytoplasmic indusions do not represent 
mucus droplets, as might be at first suspected. MicroAemical 
studies were carried out by Pearson,^^ who found that spedfic tests 
for mudn yielded rather inconclusive results. Furthermore, v e have 
repeatedly observed cytoplasmic indusions in epithelial cells lining 
structures where mucus-secreting cells normally do not occur. 



DESCRIPTION OF PLATES 


Plate 22 

Fig. I. Photomicrograph of submaxillary gland. Note areas of lymphoid in- 
filtration. Hematoxylin and eosin. Low power. 

Fig. 2. Photomicrograph of submaxillary gland showing large cells with in- 
clusions lining the duct. Hematoxylin and eosin. x 550. 
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Plate 23 

Fig. 3. Photomicrograph of kidney showing large inclusion-laden cells lining 
the kidne}'^ tubule. Note the swollen cytoplasm and vacuolated appearance 
of some of the cells. Hematoxylin and eosin. x 750. 

Fig. 4. Photomicrograph of submaxiUar}"^ gland showing a large cell in the duct 
lining. Note intranuclear inclusion, pale area at periphery, clear zone, 
small masses in clear zone, nuclear membrane and large inclusion bodies in 
cytoplasm. Hematoxylin and eosin. x 2300. 
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cytotropic filterable viruses should be known to reproduce them- 
selves locally in association with the presence of cellular inclusions,^ 
This evidence was lacking, inasmuch as the inclusions had been 
found only in the liver cells, and there seemed to be no evidence that 
virus was regenerated locally in the liver in association with them. 

This essential condition seems now to have been satisfied through 
the extraordinary discovery by Theiler ® that the virus of yellow 
fever appears to be infectious for the brain of mice; and his experi- 
ments indicate it may be successfully cultivated in series in this 
tissue, with the induction of a fatal encephalitis, Theiler’s observa- 
tions further show that the mouse encephalitic virus is essentially 
restricted in its distribution in fatal infections to nervous tissue and 
adrenal gland, which has a considerable nervous component in its 
medulla. The virus, according to his observations, also passes cen- 
trifugally from the spinal cord along peripheral nerves. These facts 
definitely relate the mouse strain of virus to other neurocytotropic 
viruses, namely those of rabies, poliomyelitis, enzootic encephalo- 
myelitis and herpex simplex,® 

Furthermore, the recent investigations of Sellards’^ contribute 
the important information that the mouse virus passed serially 
through brains of mice becomes modified in its action upon monkeys 
{M. rhesus), in that it will then induce a fatal encephalitis in these 
animals when inoculated intracerebraUy, without causing the usual 
symptoms and hepatic changes of the original yellow fever virus, 

Theiler was rightly cautious in his attitude toward the question 
of the identity of the mouse encephahtic virus and that of yellow 
fever, notwithstanding the fact that inclusions quite similar to those 
found in the liver in the natural and experimental disease were to be 
observed in the central nervous system of the infected roice, and, 
what is more significant, that yellow fever immune serum from both 
monkey and man showed protective power for mice inoculated "with 
the encephalitic virus. 

Evidence of the identity of the mouse virus and that of yellow 
fever is further contributed by the investigations of Sellards, who 
showed that monkeys can be immunized against typical yellow fever 
virus by intraperitoneal injections of mouse virus, and that mon- 
keys immimized to typical yellow fever virus manifest a well marked, 
though not entirely complete protection against intracerebral in- 
jection of virulent mouse virus. Sellards concludes that the results 
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Since the discovery by the American Commission at Havana in 
1900 that the etiological agent of yeUow fever is filterable, this in- 
fection has generally been grouped tentatively with the virus dis- 
eases. In later years this classification has seemed more insecure 
because it has become apparent that certain bacteria, protozoa and 
spirochetes may pass through similar filters. The finding of lepto- 
spiras by Noguchi in a group of cases clinically diagnosed yellow 
fever made it seem for a while still less hkely that the causative 
agent belongs to the virus group. 

Recently, however, a mass of evidence has been gathered which 
seems to place the active agent of yellow fever not only among the 
filterable viruses, but also with the cytotropic group of these infec- 
tious agencies. The recent rapid accumulation of this evidence re- 
sulted directly from the discovery by Stokes, Bauer and Hudson ^ 
that yellow fever may be transmitted with regularity to the Indian 
monkey, Macacus rhesus. With this animal available for the experi- 
mental study of the disease many important facts have come to 
light. 

Bearing upon the viral etiology of yellow fever was the absence of 
leptospiral infection in the West African cases, the reconfirmation of 
the filterability of the active agent in the blood stream, and the dis- 
covery by Torres ^ that intranuclear inclusions are to be found in 
the injured cells of the liver of experimentally infected monkeys, 
ghortly afterward sunilar inclusions were described by Cowdry and 
Eitchen ® in hver cells of human cases of West African yellow fever. 

In commenting upon these important discoveries I recently ex- 
pressed doubt that the agent of yellow fever should be classified as 
a cytotropic virus, even though these two basic facts of filterability 
and specific cellular inclusions were available, for the reason that 

* Received for publicfition December 19» ^93^" 
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inclusions depicted by Torres and by Cowdry and Kitchen. The 
impressions gained from a study of these preparations served as a 
guide to the study of the encephalitic lesions. 

Sections of brain from the two monkeys in Group I, which re- 
ceived typical yellow fever virus intracerebrally, show no evidence 
of encephahtis or of intranuclear inclusions. The livers of both 
animals contain the typical necrosis of yellow fever infection. As 
pointed out by Sellards, the t3^ical yellow fever virus, even though 
introduced directly into the substance of the brain, brings about 
the usual appearance of yellow fever uncomplicated by a viral 
encephalitis. 

Sections of the brains of mice dead of encephalitis show, as first 
described by Theiler, a perivascular mononuclear cellular exudate 
particularly marked in my preparations in the basal ganglia. In the 
brain of a yoimg mouse, dead six days after inoculation, abundant 
nuclear inclusions were observed both in the ganghon cells of the 
cerebrum and those of the basal ganglia. It was noted that extensive 
necrosis of ganglion cells accompanied the presence of inclusions, 
and this without any evidence of cellular exudate. It seems evident 
from a study, both of the encephalitis of mice and of monkeys, that, 
as in other neurocytotropic virus lesions, the first change is in the 
ganglion cells, and inflammatory exudate is secondary, apparently 
to cellular necrosis. In an adult mouse brain perivascular infiltra- 
tion and focal inflammatory exudate are prominent, but only a few 
inclusions were observed. This single observation suggests, on cy- 
tological grounds, that the brains of young mice are more susceptible 
to the virus. 

The intranuclear inclusions observed in the brains of mice corre- 
spond in appearance in every way to the now well known descrip- 
tions of Torres and of Cowdry and Kitchen. Following is a de- 
scription of lesions found in the brain of two mice, the first a baby 
mouse dead on the sixth day after inoculation, the second an adult 
mouse. 

Baby Mouse — 6th Day 

Cerebral Cortex aiid Basal Ganglia: (Stained with methylene blue 
and eosin.) Changes in ganglion cells throughout the sections are to 
be seen in great abundance. They are more nmnerous in the basal 
ganglia, but are also diffusely scattered through the cerebral cortex. 
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of these cross-immunity tests are entirely consistent with the inter- 
pretation that the virus in mice is that of yellow fever, and there is 
no indication that it is contaminated by any secondary virus. He 
states however that the amount of data available at present is not 
overwhelming and there is no urgent need for drawing any alto- 
gether final conclusions. In regard to hepatic lesions in monkeys in- 
fected intracerebrally with mouse virus he states: “Of five normal 
monkeys injected into the brain with mouse virus, none showed 
lesions of the liver comparable to the changes which occur in man 
or in monkeys d3dng of typical yellow fever. In one of these mon- 
keys, a moderate amount of necrosis of the liver was found, and in 
another, the liver was normal. In the remaining three monkeys the 
liver showed moderate degenerative changes consistent with the 
earlier changes seen in yellow fever but by no means diagnostic and 
quite unlike the extensive necrosis seen in monkeys dying in the 
usual manner.” 

For a more detailed study of the cytology and histology of mouse 
virus encephalitis in mice and monkeys. Dr. Sellards kindly sent to 
me stained sections and blocks of tissue from mice and monkeys in- 
fected with this virus, and in addition, for comparison, sections of 
human livers from West African cases of yellow fever, and of livers 
from monkeys experimentally infected with yeUow fever virus. This 
report is based entirely upon a study of the material which Dr. Sel- 
lards made available to me for this purpose. 

In addition to the sections of human and monkey livers infected 
with yellow fever and sections and tissue from the brains of en- 
cephalitic mice, there was material from the following groups of 
experiments upon monkeys. 

Group I: Included • tissue from two monkeys which had re- 
ceived intracerebral injections of the typical monkey strain 
of yellow fever virus. 

Group II: Included tissue from five normal monkeys inoculated 
intracerebrally with encephalitic virus from mouse brains. 

' Group III: Included tissue from four normal monkeys inocu- 
lated intracerebrally in series with virus originating from a 
monkey dead of mouse virus encephalitis. 

In sections from the livers of one human and two monkeys, stained 
with methylene blue and eosin, intranuclear inclusions were found 
which correspond in all respects to the description of yellow fever 
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neuronic degeneration and necrosis. There is no exudate in the 
meninges. The cellular degeneration is diffuse, extensive and bi- 
lateral. 

Cerebelhcm and Pons: Similar cellular changes are abundant in 
the pons. No definite changes are seen in the cerebellum. Purkinje 
cells contain much granular eosinophilic coagulum in the nucleus, 
but this appears to be normal. 

Adult Mouse Brain 

Section Through Cerebral Cortex, Basal Ganglia andAmmoji’s Horn: 
One can easily recognize under low magnification that there is a 
diffuse encephalitis throughout the midcerebrum. This is indicated 
by an abundant perivascular cellular infiltration, very marked in 
the basal ganglia, and inconspicuous in the cortex. There is moder- 
ate round-cell infil tration in the meninges at the base of the brain. 
The inflammatory lesions are bilateral in distribution. 

Blood Vessels: The blood vessels, mcluding capillaries, are con- 
gested and occasional punctate hemorrhages are seen in the basal 
ganglia. 

There is an abundant perivascular cellular infiltration about the 
larger veins. The cells are all mononuclears, some of them are 
lymphocytes, but most are wandering cells. No polymorphonuclear 
leucocytes are seen. In addition to the perivascular exudate there is 
also a diffuse invasion of parenchyma by mononuclear wandering 
cells. This is most abundant about the mantled veius and capil- 
laries. An occasional polymorphonuclear leucocyte is seen in the 
parench3Tnal exudate. Now and then a mitotic figure is foimd in a 
neuroghal cell. 

Cellular Changes: Despite the abundant perivascular and diffuse 
cellular exudation, neuronic alterations are difi&cult to find. There 
are occasional necrotic cells, but very careful search is necessary to 
discover a nuclear inclusion. They are almost negligible in number 
in the cerebral cortex and midbrain where perivascular infiltration is 
most marked, but are fairly numerous and typical in Ammon’s horn, 
where there is no inflammatory exudation. 
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In the cortical cells the changes are largely nuclear, though occa- 
sionally shrunken, acidophilic necrotic cells are found. In the basal 
ganglia necrosis of cells is conspicuously in evidence. The necrotic 
cells occur in irregular groups. 

The common and conspicuous nuclear change consists in the pres- 
ence of masses of amorphous, finely granular, acidophilic material 
within the nucleus, associated with granules of basophilic material 
irregular in size. Sometimes, though less frequently, the acidophilic 
mass is single, occupies the center of the nucleus and is separated 
from the nuclear membrane by a clear zone. 

More frequently, however, the acidophilic material is found in 
several masses, either almost filling the nucleus, or separated from 
the nuclear membrane by a clear zone. It is quite characteristic of 
these acidophihc inclusions that they incorporate amorphous gran- 
ules of basophilic material. At times there is a large granule of 
basophilicaUy-stained material which suggests a nucleolus. The 
central eosinophilic mass is not usually separated so clearly from the 
nuclear membrane by a clear zone, neither is the aggregation of 
chromatic particles upon the nuclear membrane so characteristic as 
in herpes. Quite commonly the rarefied zone about the inclusions is 
not distinctly clear. The acidophilic material seems finely granular 
in composition and only loosely adherent. 

Occasionally one finds the entire nuclear content apparently co- 
agulated into a coarsely granular clmnp in the center, separated from 
the nuclear membrane by a clear zone. These nuclear clumps stain 
basophilically and do not seem to be identical with the commoner 
acidophilic inclusion. I have observed similar clumping of basophihc 
nuclear material in sections of brains from apparently normal fowls. 
Only ganglion cells contain inclusions. No change is observed in 
neuroglia, ependyma, choroid plexus or endothelium. 

Blood Vessels: These are generally congested, and pimctate 
hemorrhages are found both in the cortex and basal ganglia, but 
more frequently in the latter. 

Exudate: There is no diffuse cellular exudate. About some of the 
smaU distended veins of the basal gangha there are cohected a few 
mononuclear cells difficult to classify, and there is an occasional 
small group of mononuclear ceUs in a focus related to necrotic gan- 
glion cells. In a superficial inspection of the section one would hardly 
detect any cellular exudate at aU, notwithstanding the extensive 



144 


GOODPASTUEE 


tensive degeneration, necrosis and inflammatory exudate. In the 
nuclei of relatively intact ganglion cells showing chromatolysis oc- 
casional distinct acidophilic inclusions were observed. These some- 
times correspond in appearance to the yellow fever inclusion in 
general. Other nuclei, perhaps more commonly, contain in addition 
to the nucleolus one or more compact, spherical or oblong, pink- 
staining, homogeneous masses somewhat larger than nucleoli, situ- 
ated in the center of the nucleus and separated from the nuclear 
membrane by a clear zone. Upon the nuclear membrane lie parti- 
cles of basophilic material. These inclusions are not t3^ical of 
yellow fever. 

Many ganglion cells are shrunken and necrotic, and apparently 
they may reach the stage of necrosis without exhibiting the change 
characterized by inclusions. Early in the degenerative stage mono- 
nuclear phagocytic cells appear about the periphery of the cell, and 
soon entirely replace it. Occasionally a mitotic figure is seen which 
seems to be in a neuroglial cell. Of especial interest is the observa- 
tion that not infrequently an acidophilic inclusion is to be found 
within the nucleus of one or more of the mononuclear inflammatory 
cells which are phagocyting a ganglion cell. These structures are 
round or elongated, and are about the size of a nucleolus, but dis- 
tinct from it. They appear more dense, concrete, and refractive 
than the acidophilic inclusions generally seen in the ganglion cells, 
but are no more so than others that are occasionally found. 

Polymorphonuclear leucocytes are rarely found in this section. 
There is a diffuse infiltration of the affected gray matter by mono- 
nuclear wandering cells with pale irregular nuclei, and a slight peri- 
vascular accumulation of similar mononuclears and lymphocytes. 
Veins are conspicuously distended. 

Right Hemisphere and Brain Stem: One-half the brain, including 
the pons and medulla, was avaOable in formalin, to study the distri- 
bution of lesions on the side opposite that receiving the inoculation. 

Transverse sections including the entire half brain were cut 
through the frontal, parietal and occipital lobes, and through the 
cerebellopontine portion and through Ammon’s horn. A diffuse 
encephalitis with lesions similar to those described, though varying 
in extent, was found in the gray matter from the frontal region 
through the pons. In some areas, such as Ammon’s horn, the in- 
flammatory exudate consists almost entirely of pol)anorphonuclear 
leucocytes. 
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Encephalitis of Monkeys 

No distinct differences could be noted between the severity, ex- 
tent or general characteristics of the lesions in the brains of monkeys, 
whether they received directly the virus from infected mouse brains, 
or serial inoculations of brain from other monkeys infected with the 
mouse virus. Each of the brains of Groups II and III shows an ex- 
tensive, severe, bilateral acute encephalitis which affects especially 
the gray matter, and in general seems most intense in the basal 
ganglia" and pons. Altogether there were nine monkeys in these two 
groups. In addition to sections of the brain there was also tissue 
from the spinal cord from five of the nine monkeys. In four of these 
'there is a severe, destructive, acute myelitis affecting the entire 
gray matter of the cord, but particularly involving the motor gan- 
glion cells of the anterior horns. In one spinal cord no inflammatory 
changes were observed. The sections, however, were taken from 
one level only. 

An illustrative protocol of the encephalomyelitis in monkeys 
follows: 

RH-282. Mouse Brain to Monkey Brain 

Cerebral Cortex: In the plane of inoculation there is an extensive 
degeneration and necrosis of ganglion cells. The nuclei of many of 
these cells contain rather coarse acidophilic climaps or inclusions. 
It is di£5cult or impossible to recognize in these inclusions anything 
characteristic of yellow fever. Certainly one would hesitate to make 
a tentative diagnosis of yellow fever encephahtis on that basis. 

There is a diffuse, though moderate polynuclear leucocytic infil- 
tration of the cortical tissue, and to a less extent a mononuclear 
wandering cell exudate. About many blood vessels there is a thin 
perivascular mantle of mononuclear cells. The vessels generally are 
greatly dilated and distended. Petechial hemorrhages are numerous. 
Edema is evident. There is no meningitis. 

Cerebellum and Potts: The ceUs of the cerebeUum show no recog- 
nizable changes. The pyramidal ceUs of the normal monkey’s cere- 
bellum contain relatively conspicuous eosm-stammg clumps and 
granules about the nucleolus. There is no inflammatory exudate in 
the cerebellar cortex. 

The gray matter of the pons beneath the cerebeUum shows, par- 
ticularly within and about groups of large ganglion cells, an ex- 
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myelitis in man and monkey, rather than that of rabies and Boma 
disease. Like herpes and poliomyelitis the mouse virus causes a very 
acute fuLminating disease, acutely destructive of ganglion cells. Un- 
like poliomyehtis, however, the injury is not so restricted in its dis- 
tribution and affects both sensory and motor cells. In its distribu- 
tion and its action upon both sensory and motor neurons it is more 
like the herpetic encephalitis, as seen in fulminatmg infections of 
rabbits. Unlike herpes, however, the mouse virus does not seem to 
affect the meninges, and its lesions are not so focal. 

Nucleae Inclusions in Mouse Vieus Encephalitis 

OP Monkeys 

r 

Of especial interest in this study is the cytology of the neurons 
affected by the virus, with particular reference to the occurrence of 
intranuclear inclusions in the brains of monkeys. The observation 
by Theiler that intranuclear inclusions similar to those described in 
yellow fever occur in the brains of infected mice, and the presence 
of such inclusions in the mouse brains sent to me by Dr. Sellards, 
led to the expectancy that the mouse virus encephalitis of monkeys 
would be easily distinguishable from other forms of acute encepha- 
litis by the presence of specific inclusions in ganglion cells. This, 
however, did not prove to be the case. It is true that intranuclear 
inclusions have been fmmd in my preparations, but they are usually 
detected with diffi-culty, are few in number, and are often distinctly 
different morphologically from the typical intranuclear inclusions 
of yellow fever livers and mouse brains infected with the yellow 
fever virus. All of the inclusions observed were intranuclear and 
they were found in only five of nine cases of encephalitis in monkeys. 
My search was not exhaustive, however, and an investigation of 
more sHdes from different blocks of tissue possibly would have re- 
vealed a higher incidence. The inclusions found impress one as being 
of viral origin and occasionally they appear typical of yellow fever. 
The variations from type were foimd particularly in large multi- 
polar ganglion cells, in one case the motor ganglion cells of the an- 
terior horns of the spinal cord. In such cells there is chromatolysis 
and an eosinophilic staining of the cytoplasm. The nucleus is per- 
haps slightly enlarged. The nucleolus is partially or completely 
preserved, staining with methylene blue. About the nuclear mem- 
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Spmal Cord: There is ganglionic necrosis in both ventral horns. 
Several of these cells are being phagocyted by mononuclear phago- 
cytes. There is a diffuse inflammatory exudate consisting of both 
poljmuclear and mononuclear leucocytes. Edema and petechial 
hemorrhages are found. 

Cotmieni: An examination of these nine monkey brains shows 
that the strain of virus derived by inoculating mice intracere- 
brally with yellow fever virus and passed serially through these 
animals is an exceedingly destructive infectious agent for the cen- 
tral nervous system of normal monkeys, whether the virus is intro- 
duced directly from the mouse or passed serially through the brains 
of monkeys. One is led to judge that the virus rapidly traverses the 
central nervous system from the site of moculation, causing an in- 
tense encephalomyehtis. The meninges do not seem to be involved 
in the inflammatory process. 

The infectious agent attacks primarily, if not exclusively, the 
neurons (both sensory and motor), resulting in rapid degeneration 
and necrosis of these cells before inflammatory exudate appears. 
Associated with the injury to ganglion cells there is congestion of 
capillaries and veins, an inflammatory edema, and focal hemorrhages. 

In what seem to be unusually severe acute lesions polymorpho- 
nuclear leucocytes make their appearance early and in considerable 
numbers before mononuclear phagocytes are to be found. Not only 
may there be a diffuse distribution of polynuclears in the inflamed 
area, but not infrequently they localize about dead ganglion cells. 
More commonly, however, there is an admixture of large mono- 
nuclears or the cellular exudate is composed of them entirely. Or- 
dinarily phagocytosis of dead ganglion cells is accomplished by the 
mononuclears entirely. It is in these inflammatory ceUs collected 
about or replacing dead ganglion cells that one occasionally sees an 
acidophihc intranuclear inclusion, the significance of which is not 
apparent. If the lesion is of sufiicient duration the veins become 
mantled by an accumulation of mononuclear cells, for the most 

part lymphocytes. , ,. . . . , 

It seems evident in these preparations that ganglionic injury and 
necrosis is the first manifestation of the destructive effect of the 
virus in the nerv^ous system, and inflammatory reaction, including 

ceUular infiltration, is secondary. . . , . 

In comparison with other neurocjffotropic virus lesions, the mouse 
virus encephalitis resembles that of herpes in the rabbit and polio- 
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viruses induced by experimental procedures, such as the modifica- 
tion of smallpox virus by passage through the calf. Such changes, 
however, represent apparently only variations in virulence, not of 
c3d;otropism. The virus of herpes simplex affords an instance of a 
profound divergence in cytotropic affinity of a virus in different 
species, as manifested by strains which possess a predilection for 
the skin in human beings and nervous tissue in the rabbit. The 
herpes virus, passed serially through the brains of rabbits, according 
to the experiments of Teissier, Gastinel and Reilly,® tends to lose its 
infectiousness for the human skin, but there is no indication that 
herpes virus becomes thereby more neurotropic in the human. 

There is no reasonable doubt that Theiler’s mouse virus is a neuro- 
cytotropic virus. It corresponds in its pathological activity and 
tissue affinity to the viruses of rabies, poliomyelitis, Borna disease 
and herpes. It is rather imexpected therefore that the mouse virus 
inoculated into the brains of the monkey {M. rhesus) does not induce 
more characteristically the cellular changes found in the brains of 
mice infected with the virus of yellow fever. However, there is a 
variation in the observed incidence of the yellow fever inclusions in 
the livers of human beings and of monkeys. The most distinctive 
difference between the effect of the mouse virus in the brains of 
mice and in the brains of monkeys is in the morphology of the intra- 
nuclear inclusions. Although one occasionally finds inclusions in 
encephalitic monkey brains which may be interpreted to be similar 
to those of mouse encephalitis, it is more common to find intra- 
nuclear inclusions, apparently of viral origin, which differ from them. 
An intranuclear inclusion in the monkey encephalitis atypical of 
yellow fever is a more compact, homogeneous, and discrete acido- 
philic mass somewhat suggestive of that foimd in Borna disease, 
though usually larger. 

It should be borne in mind, however, that there is considerable 
morphological variation in most inclusions, though similar variations 
occur in each tissue regardless of the species of the host. The yellow 
fever inclusions are especially difficult to diagnose with certainty in 
their finely granular form as observed in fixed tissue, because they 
resemble so closely the granular precipitate from nucleoplasm which 
may be observed in many normal nuclei. They may be recognized 
with certainty, as is true also with the herpetic inclusions, only m 
their well developed forms, and when they occur in numbers. 
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brane are aggregated amorphous basophilic particles. The remainder 
of the nucleus appears empty except for one or more spherical or 
oblong, homogeneous, hyaline, pink-staining masses, usually larger 
than the nucleolus. Sometimes there are in addition to these struc- 
tures smaller aggregations of minute pink particles resembling the 
material wliich constitutes the typical yellow fever inclusions. This 
description is based upon sections fixed in Zenker’s solution and 
stained with methylene blue and eosin. In smaller ganglion cells the 
central area of the nucleus is sometimes found to be filled with pink- 
staining granular material, with chromatin particles collected upon 
the nuclear membrane. In these cells no nucleolus could be detected. 
Usually necrotic cells show no evidence of inclusions. 

In this investigation only the staining reaction of inclusions with 
eosin, and their morphology, have been considered, partially because 
of the limited possibilities of the material at my disposal. In an 
exhaustive and detailed investigation of the yellow fever inclusions 
of human and monkey livers Cowdry and Kitchen were unable to 
detect any microchemical differential characteristics of these struc- 
tures, and they finally relied largely, as did Torres, upon morpho- 
logical configuration for evidences of specificity. 

Discussion 

The discovery by Theiler that the encephalitic brains of mice in- 
oculated with the virus of yellow fever contain intranuclear bodies 
similar in every way to the inclusions previously described by 
Torres, and by Cowdry and Kutchen in the livers of monkeys and 
human beings dead of this disease, is very strong evidence that this 
cellular change is a characteristic effect of yellow fever virus upon 
cells. Especially significant is the fact that similar changes are 
brought about in two tissues so different as those of the liver and the 
brain. This cytological characteristic of the lesion, together with 
the immunological data suppKed by the experiments of Theiler and 
of Sellards, makes it seem very probable that the virus of mouse 
encephalitis induced by the inoculation of typical yeUow fever 
virus is in reality a modified form of the active agent of yehow fever. 

It seems to be a unique phenomenon that a virus can become so 
distinctly and rigidly changed in its tropism or cellular relationship, 
although experience affords several instances of the variability of 
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DESCREPTION OF PLATES 


Magnification 2300, except Fig. 3, which is 60 diameters. 

Plate 24 

Fig. I. Ganglion cells from baby mouse’s brain. Intranuclear granular acido- 
philic inclusions interspersed with basophilic granules. The larger ones 
may be nucleoli. These inclusions are like those of yellow fever livers. 

Fig. 2. Ganglion cell from baby mouse’s brain. Intranuclear mass largely com- 
posed of basophilic granular material. Atypical of yellow fever. 

Fig. 3. Monkey encephalitis, to show perivascular and diffuse cellular infil- 
tration. 

Fig. 4. Ganglion cell from monkey encephalitis showing nucleolus (dark 
sphere) and acidophilic granular material rather loosely arranged, resem- 
bling yellow fever inclusions. 
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The difference in structure of the typical intranuclear inclusions 
of the encephalitis of monkeys inoculated with mouse virus may 
represent, therefore, another variation in the activity of this virus 
not commonly seen in viral diseases. 

In consideration of the protection experiments of Theiler and of 
Sellards, and of the fact that intranuclear inclusions quite like those 
of yeUow fever are demonstrable in the cells of mouse brains inocu- 
lated witli yellow fever virus, and finally that a fatal viral encepha- 
litis may be induced in monkeys by the intracerebral injection of 
virulent mouse brains, characterized by the presence of intranuclear 
inclusions (some of which may resemble those of yellow fever) one 
feels that the evidence, both immunological and cytological, favors 
the view that the mouse virus represents a modified strain of yellow 
fever virus. 

It is felt, however, that monkey encephahtis induced by mouse 
virus should be much more carefully studied from the viewpoints of 
its cytology, and of the cellular relationship and distribution of the 
virus. 

Summary 

1. A histological and cytological study has been made of an en- 
cephalitis of monkeys (M. rhesus^ inoculated intracerebrally with 
the mouse strain of yeUow fever virus. 

2. The lesion in the monkey’s brain is an acute, disseminated 
encephalomyelitis, extending apparently throughout the central 
nervous system, affecting the cellular tissues and causing necrosis of 

ganglion cells, both sensory and motor. 

3. Intranuclear inclusions sometunes resembling, but more often 
differing from, those characteristic of yellow fever have been demon- 
strated in ganghon cells of the encephalitic monkey’s brain. 

4. On immunological and histological grounds it is judged that 
the virus of mouse and monkey encephahtis represents a biologicaUy 

modified strain of yellow fever virus. 

S Cytologically the evidence of morphologicaUy characteristic 
yellow fever intranuclear inclusions in the brains of encephalitic 
monkeys inoculated with the mouse virus is inconclusive. 



Plate 25 

Fig. g. Monkey encephalitis to show phagoc}’’tosis of dead ganglion cell by 
polynuclear leucocytes. 

Fig. 6. Same showing diffuse pol3'’nuclear exudate. 

Fig. 7. Ganglion cell from monkey encephalitis showing oblong compact 
acidophUic intranuclear inclusions, at one end of which is a nucleolus. Note 
clear intranuclear space and aggregation about nuclear membrane of 
basophilic particles. Atypical of yellow fever. 

Fig. 8. Ganglion cell from monkey encephalitis showing nucleolus and acido- 
philic masses or inclusions, at}'^pical of 3’^ellow fever. 
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Plate 26 

Fig. 9. jMonkey encephalitis. Phagocytosis of dead ganglion cell by mono- 
nuclear leucocytes. 

Fig. to. Necrotic ganglion cells of monkey encephalitis. Central eosinophilic 
material filling nuclear space. Basophilic particles upon nuclear membrane. 
Atypical of yellow fever. 

Fig. it. Large ganglion cell from monkey encephalitis showing large eosin- 
ophilic masses. The basophilic nucleolus is incorporated in the mass to the 
left. Atypical of yellow fever. 
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procedures, were stained with erythrosin-azur or phloxine-methylene 
blue. 

The occurrence of intranuclear inclusions is indicated in the table, 
in the sites mentioned, by plus (-f-) signs. No inclusions were ob- 
served in other parts of the body. The minus (— ) signs refer to 
negative observations and the zero (o) signs to instances where no 

Table I 


The Occurrence and Distribution of Intranuclear Inclusions in the Respiratory Tracts 

and Bile Ducts of 20 Monkeys. 


Monkey 

No. 

Disease 

Nasal 

mucous 

membrane 

Trachea 

Bron- 

chioles 

Alveoli of 
lungs 

Bile ducts 
of liver 

5. 

1 

Poliomyelitis 

— 

0 

— 

+ 

— 

12 

ti 

+ 

0 

— 

— 

— 

34 

Normal 

— 



4* 

— 

38 

Poliomyelitis 

— 

+ 

+ 

- 

+ 

77 


0 

0 

_ 

+ 

— 

90 

Measles 

— 

— 

+ 

4* 

4* 

IIS 

Diarrhea 

•f- 

— 

— 

— 

- 

116 

Measles 

— 

— 

— 

+ 

- 

123 

a 

— 


— 

■f 

- 

13s 

Diarrhea 

0 

0 


+ 

— 

143 

Poliomyelitis 

0 

- 

- 

+ 

- 

156 

U 

0 

- 

— 

+ 

— 

164 

Tuberculosis 

1 ^ 

+ 

— 

i 

— 

168 

Poliomyelitis 

— 

0 

— 

+ 

+ 

180 

a 

+ 

+ 


— 

- 

187 

u 

+ 

— 

— 

— 

- 

188 

Diarrhea 

+ 

— 

— 

— 

- 

IQS 

Poliomyelitis 

+ 

- 

- 

- 

- 

199 

U 

0 

- 

- 

4" 

— 

208 

Diarrhea 

— 

0 


+ 



tissue was available for study. Intranuclear inclusions were found in 
20 out of the 60 monkeys. It is possible that still more might have 
been seen had serial sections on a large scale been examined. The 
distribution of inclusions was patchy. In only i monkey (No. 90) 
were they detected in 3 of the 5 locations listed in the table. In 2 
others they were seen in 2 sites, while in the remaining 17 they were 
discovered only in i position. The locations in order of frequency 
were: alveoli of lungs (12), nasal mucous membrane (6), trachea and 
bile ducts (3 each), and bronchioles (2). It may be significant that 
inclusions were found in the bile ducts of the livers in the mon- 


























THE OCCURRENCE OF INTRANUCLEAR INCLUSIONS IN 
MONEEYS UNACCOMPANIED BY SPECIFIC 
SIGNS OF DISEASE* 

W. P. COVELL, Ph.D. 

{Froin the Anatomical Laboratory, Washington University, St. Louis, Mo.) 

Stewart and Rhoads ^ in 1929 reported the discovery of intranu- 
clear inclusions in the cells of the nasal mucous membrane of mon- 
keys {Macacus rhesus) inoculated with the virus of poliomyelitis, but 
. since they also found them occasionally in normal control monkeys 
they did not attach any particular significance to them. While mak- 
ing a detailed study of the lesions in experimental poliomyehtis I 
have encountered similar inclusions, not only in the situation men- 
tioned by Stewart and Rhoads but, in addition, in the epithelial cells 
of the trachea, lungs and bile ducts. These intranuclear inclusions 
were likewise seen in animals which had not been subjected to the 
virus '6f poliomyelitis. I venture to report my findings briefly, be- 
cause it is desirable to be as fully informed as possible concerning the 
presence of such inclusions unaccompanied by clinical s^nnptoms in 
an animal like the monkey, which is used so much in the study of 
filterable viruses. The material on which this report is based was 
secured from 60 monkeys as follows: 


Experimentally infected with poliom 3 ^elitis 37 

Experimentally infected with nasal washings from crses of 

measles 5 

Diarrhea - 9 

Generalized tuberculosis 2 

Pneumonia 3 

Normal 4 


Autopsy was performed promptly after the animals died from dis- 
ease or were killed with ether. Small pieces of the nasal mucous 
membrane, trachea, lungs, liver and other organs were fixed for 
twenty-four hours in Zenker’s or Helly’s fluid, and, after the usual 

* Conducted with the aid of a grant from the Milbank Fund for the Study of In- 
fantile Paralysis- 
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ously a very incomplete impression of the details, for the color con- 
trast which is so distinctive in original preparations is suppressed 
and the information to be secured by focusing is lacking. 

Fig. 2 illustrates a multinucleated ceU bordering the lumen of a 
bronchiole in each nucleus of which a typical inclusion is to be seen. 
One is thereby reminded of the appearance of intranuclear inclusions 
in chickenpox. The bronchioles which possess inclusions are often 
infiltrated with mononuclear leucocytes and in one instance a mite 
was found in close proximity, the tissue about it being inflamed. 

The intranuclear inclusions discovered in the epithelial cells of the 
alveoli of the lungs, and in occasional cells free in the lumen, were of 
more striking appearance. One of them is shown at about the center 
of Fig. 3. The inclusion itself is roughly spherical, fairly compact and 
separated from the nuclear membrane by a marked halo. Such in- 
clusions were more abundant in some lungs than in others. Though 
distributed in an irregular way, being more numerous in certain 
areas, they were not associated with detectable lesions, as in the 
other parts of the respiratory system. 

Also in the intrahepatic bile ducts the inclusions were observed in 
the absence of distinctive tissue changes, other than repeated nu- 
clear division (Fig. 4). 

Discussion 

That these inclusions in the respiratory tract and bile ducts are 
caused by some virus of low virulence is a fair assumption, because 
despite repeated experiments by many investigators nuclear altera- 
tions of this kind have never been produced by agents other than 
viruses. Cole and Kuttner ^ go so far as to state in their paper on in- 
tranuclear inclusions in the salivary glands of guinea pigs: ‘Tt is true 
that Luger and Lauda have mentioned the occurrence of similar 
structures in a case of salvarsan dermatitis. Even though these 
lesions should be present in isolated instances of this kind, it would 
be necessary to demonstrate the absence of a filterable virus in the 
given instance before the present conception of the direct relation- 
ship between these nuclear changes and filterable viruses would be- 
come imtenable.” These investigators hold that the presence of a 
filterable virus is to be assumed when typical intranuclear in- 
clusions occur, unless it is possible to prove the absence of a virus 
experimentally. 
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keys that also exhibited them somewhere in the respiratory tracts. 
However, seventeen monkeys, in which inclusions were noted in the 
respiratory tract, did not reveal them m the bile ducts. The number 
of positive observations is far too small on which to base any con- 
clusions as to the primary site of action of the virus and its subse- 
quent spread, if, as seems probable, a substance of this kind is 
involved. Neither does the number of animals examined permit 
any valid correlation between the type of disease and the incidence 
of inclusions as a possible accessory factor in rendering the tissue 
susceptible to the action of a h3q)othetical filterable virus. But it is 
to be noted that they were seen in 60 per cent of the animals experi- 
mentally infected with the measles virus, and in none of the animals 
which suffered from pneumonia. 

The properties of the inclusions in the 5 locations were much the 
same. As seen in the nasal mucous membrane they corresponded in 
every particular with those previously reported by Stewart and 
Rhoads. They were most numerous in the more superficial epithelial 
cells, the nuclei of which were affected in varying degrees. In some, 
only a slight increase in nuclear acidophilic material was noticed, 
which of itself could not be regarded as noteworthy, but in many 
cells the process was carried to an extreme with: (1) characteristic 
margination of all basophilic material on the inner surface of the 
nuclear membrane, (2) clumping of the acidophilic material in the 
center of the nucleus, and (3) the appearance of a clear halo between 
the inclusion and the nuclear membrane. Such intranuclear inclu- 
sions were not seen scattered evenly throughout the extent of the 
mucous membrane, but were definitely restricted to a few small 
areas characterized by a necrosis and sloughing of the membrane, 
which in two cases was accompanied by an inflammatory reaction in 
the underlying tissues, including the glandular epithelium. 

In the trachea, also, the inclusions were limited to similarly in- 
jured areas. An intranuclear inclusion in this situation is illustrated 
in Fig. I. It is contained in a rather large nucleus slightly to the left 
of the center. At first sight it might be taken for an enlarged nu- 
cleolus, but careful examination showed that it was formed through 
the dumping together and fusion of addophilic partides. Another 
nudeus just to the left is in an earlier stage of the reaction, being 
filled with finely divided addophilic material. Photomicrographs 
like this, taken at a magnification of only 1500 diameters, give obvi- 



yellow fever, which more closely resemble those that I have seen. At 
present no other intranuclear inclusions are known in monkeys, with 
which to make a comparison. 

Conclusions 

From these observations and those of Stewart and Rhoads, it 
seems likely that monkeys must now be listed with humans,® guinea 
pigs,^ rats (Thompson ®), rabbits (R.ivers and Tillet^°), and dogs 
(Cowdry and Scott as animals in which one or more viruses some- 
time lurk, capable of producing intranuclear inclusions in the ab- 
sence of recognizable clinical symptoms. Particularly is this of 
interest when monkeys are employed for experiments with viruses, 
which in the proper environments are definitely disease-provoking 
like those of poliomyehtis, yellow fever, chickenpox and measles. 
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If, then, we accept the inclusions as caused by virus action, the 
next Question is whether we have to do with one virus spreading 
along the respiratory tract to all of the locations described, or with 
two viruses. This extension might be easily understood in the case of 
the respiratory tract, but how the bile ducts without corresponding 
alterations in intervening parts of the body come to be involved if 
only one virus is operating, is difficult to explain. I merely mention 
the possibilities without hazarding any interpretation. The indica- 
tions are stronger for the operation of two viruses in man because the 
inclusions in visceral disease (VonGlahn and Pappenheimer are 
very different from those seen in the salivary glands (Goodpasture 
and Talbot^). Even in these cases we are not justified in reaching a 
definite conclusion as to the presence or absence of two viruses, be- 
cause the difference in the resulting inclusions may be attributable to 
variations in the response of different t3Q)es of cells to one and the 
same virus. The reason for making this qualification is that the sub- 
maxillary gland virus is known to produce enormous intranuclear in- 
clusions with great nuclear hypertrophy in its usual site of action, 
namely, the ducts of the salivary glands of guinea pigs; and small in- 
clusions with but slight increase in size, more closely resembling her- 
petic inclusions on intracerebral inoculation in guinea pigs.^ 

The nature of the virus or viruses, which leads to the development 
of the inclusions in the monkey described in this paper remains 
wholly unknown. The inclusions themselves are not for a moment to 
be compared with the other intranuclear inclusions in injured nerve 
cells in experimental poliomyelitis in monkeys, Coveil,® and the ex- 
istence of which has been confirmed by Hurst.® The latter are 
discretely roxmded masses, which bear a resemblance to the inclu- 
sions pathognomonic of Borna disease. 

The herpetic intranuclear inclusions produced in the liver cells of 
another species of monkey (Cebus hypoleums) by Cowdry and 
Kitchen ^ are much less dense in consistency and may fill the entire 
nucleus. The intranuclear inclusions caused by the virus of yellow 
fever in rhesus monkeys, likewise in liver cells (as noted by the same 
authors) are also different, in that they are laid down in clusters of 
discrete particles which do not typicaUy fuse into a smgle mass. The 
difference may be due perhaps to the fact that different kinds of cells 
are responding, for Magalhaes ® found intranuclear inclusions in^the 
renal cells of monkeys experimentally infected with the virus of 
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Photomicrographs of intranuclear inclusions in the respiratory tract and bile 

ducts of monkeys taken at a magnification of 1500 diameters. 

Fig. I. Type of intranuclear inclusion in the trachea. The cytoplasm of the 
cell is deeply stained. A compact, rounded, acidophih'c mass is located cen- 
trally in the nucleus. 

Fig. 2. Intranuclear inclusions in the epithelium of a bronchiole. The nuclei 
have increased in number to form a giant cell with a tendency to margina- 
tion of the basophilic chromatin. The inclusions are less compact than 
those in the alveolar epithelium and are in the form of discrete particles 
separated from the remaining chromatin by clear areas. 

Fig, 3, Intranuclear inclusions in the lung. Centrally located in the field is a 
nucleus of an alveolar epithelial cell containing an inclusion body. The 
monkey from which this photograph was made had received an intracere- 
bral inoculation of poliomyelitis virus and was sacrificed during the early 
paralytic stage of the disease. The intranuclear inclusion is separated from 
the basophilic chromatin by a clear area. 

Fig, 4, Type of intranuclear inclusion found in the bile ducts of the liver. The 
basophilic chromatin is plastered against the nuclear membrane from which 
the inclusion is separated by a clear area. The similarity in the resemblance 
of this type of inclusion to that in the epithelium of the bronchioles is 
striking. The inclusions are in the form of clusters of discrete particles. 
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the obstruction is released, when the liver promptly becomes smaller 
and somewhat paler. This procedure deprives the liver cells of 
oxygen, subjects them to a considerable increase in pressure, inter- 
feres with their nutrition and permits the accmnulation of meta- 
bolic products in the surrounding medium during the period of con- 
striction. 

Of the seventeen dogs used in these experiments, one died 
4 hours after the operation in typical hypoglycemic convulsions, 
two were sacrificed after 24 hours, eleven after 48 hours, two after 
72 hours, and one after 7 days. 

The liver weight-body weight ratio in these animals was dis- 
tinctly increased, the mean being 0.0376 0.0035, the individual 

ratios ranging from 0.025 to 0.047, two being normal or below. 
Junkersdorf found the liver weight-body weight ratio in normal 
dogs to be 0.030; Simonds and Brandes^^ obtained a mean ratio 
of 0.0303 in thirty-one normal dogs. The mean ratio in these 
animals was, therefore, approximately 2 5 per cent higher than the 
normal. 

The increase in the weight of the liver was due in part to edema. 
Simonds and Brandes^^ observed an average increase of 2.5 times 
the normal outflow from the thoracic duct during mechanical con- 
striction of the hepatic veins. On the basis of the microscopic exam- 
ination of livers immediately, and 24 hours after constriction, it is 
assumed that much of this excess flow of lymph comes from the liver. 
The most marked change is in the lymphatics which surround the 
sublobular veins, many of which are encircled by widely dilated 
lymphatics filled with hyaline coagulated material (Fig. i). These 
are apparently the radicles of the lymph vessels which follow the 
hepatic veins to the inferior vena cava, and thence along this vessel 
through the diaphragm into the posterior mediastinum. The con- 
nective tissue about these veins was rendered loose-meshed by ac- 
cumulation of fluid between the cells. This can probably be ac- 
counted for as a result of damage to, and subsequent thrombosis of, 
the larger lymph vessels about the main branches of the hepatic 
veins. As shown by Opie ^ trauma is often an etiological factor in 
lymphatic thrombosis. The periportal connective tissue was also 
edematous. 

Another element, of less importance, in the increase in weight of 
the livers of these dogs is the irregularly distributed increase of 
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Tliis paper is a report of the changes observed in the livers of 
seventeen dogs whose hepatic veins were mechanically constricted 
for periods of 7 to 30 minutes for the purpose of studying the chem- 
istry in the blood during the succeeding 24 to 72 hours. Practically 
all of the recorded anatomical studies of the liver following altera- 
tions in the hepatic circulation have been based upon permanent 
changes in the blood flow and, therefore, are concerned with more 
or less chronic modifications of that organ. Thus, the results of 
ligation of the hepatic artery have been investigated by Holst,^ 
Behrend, Radasch and Kershner,^ Ritter,® Hori,^ Loeffler,® and 
others. Bainbridge and Leathes,® de Josselin de Jong,^ Rous and 
Larimore,® Papilian,® Chiari,^® and others, have studied the effect 
upon the liver of either ligation or thrombosis of the portal vein. 
Zimmerman and Hillsman placed metal rings about the vena cava 
between the entrance of the hepatic veins and the heart. Hess,^ 
in 1905, and more recently Satke and Saborowsky have re- 
viewed the literature and discussed the results of obliterating en- 
dophlebitis of the hepatic veins. There are also occasional reports 
in the literature of alleged retrograde embolism of the hepatic veins 
(Heller,^® Risel,^® Meixner,^’^ and Reiniger^®). But in all of the 
above experiments and observations the alteration in the hepatic 
circulation was continuous. We have been unable to find any 
studies of the changes in the liver resulting from a sudden and com- 
plete, but temporary, closure of the hepatic veins. 

Mechanical constriction of the hepatic veins by the method de- 
scribed by Simonds and Brandes causes an immediate increase in 
the size of the liver, which becomes enormously distended with blood 
and dark brownish purple in color. This condition continues until 

* Received for publication November i, 
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and higher degree of specialization. The results of our experiments 
tend to confirm this view. 

A variable number of central and sublobular veins are filled with 
clear structureless masses, some of which stain blue, others dark red 
(Fig. 4). As a rule, lobules whose central veins are thus occluded 
contain more blood than the adjacent lobules. 

A characteristic finding in aU of these animals is the presence of 
masses of cells within the sinusoids (Figs. 5 and 6). These cells are 
of three t3^es: an occasional l3anpho(yte, a few polymorphonuclear 
leucocytes and a greater nmnber of mononuclear cells with large 
round, oval or indented nuclei and moderately abundant cyto- 
plasm, These latter cells appear to have originated from prolifera- 
tion of sinusoidal endothelium. These cell masses are either small 
and compact and lie in an oval dilatation of the sinusoid, resem- 
bling those described by Simonds^® and by Manwaring, French and 
Brill in anaphylactic and peptone shock, or they are larger and 
more diffusely and loosely arranged in several adjacent sinusoids, 
but consist of the same cell types as the above. Within this second 
form of ceU masses the cords of liver cells are disrupted and many 
of the included hepatic cells are swollen, stain with eosin and are 
without nuclei. These areas therefore have much in common with 
the focal necrosis described by Mallory in typhoid fever. 

Cell groups of the first type are most numerous in the dog that 
was allowed to live for 7 days and whose hepatic veins were con- 
stricted for 20 minutes. In many of these masses, especially in the 
24 hour dogs, a red hyaline matrix is easily visible. These compact 
intrasinusoid al masses are probably of the same nature as those 
designated by Pearce as conglutination thrombi. Their manner 
of formation is probably as follows. During the stagnation of the 
blood in the sinusoids, while the hepatic veins are constricted, a 
group of red cells becomes packed into a firm mass which cannot 
be broken up when the circulation is restored. These later fuse 
into a hyaline matrix in which is entangled an occasional lymphocyte 
and into which may wander a few polymorphonuclear leucocytes. 
The presence of this “foreign body” within the sinusoid stimulates 
the proliferation of the adjacent lining endothelium from which is 
derived the chief part of the cell content of the mass. 

In the second type of cell mass there is no evidence of fusion of 
red cells. The presence of a group of necrotic hepatic cells may 
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blood. During constriction the amount of blood within the liver 
is enormouS; but upon releasing the constriction most of the ac- 
cumulated blood promptly escapes and when examined after 24 to 
72 hours the liver as a whole is relatively poor in blood, with only 
a few scattered areas in which the central veins and adjacent sin- 
usoids are distended with red cells. 

On microscopic examination with low power one of the most 
striking features is the relative paleness of the central portion of 
the lobules (Fig. 2). The hepatic cells are swollen, more or less 
granular, many contain round clear spaces or vacuoles and some 
are without nuclei (Fig. 3). The vacuoles do not stain with osmic 
acid. The visible nuclei in this portion of the lobule vary greatly; 
some are swollen, extremely pale and washed out; others are com- 
pact and pyknotic, and relatively few are normal. The markedly 
swollen condition of these cells narrows, and, in places, practically 
obliterates the sinusoids so that the central part of the lobules is 
almost bloodless. At the periphery of the lobules is a zone of vary- 
ing width in which the liver cells are more nearly normal. From 
this it appears that the hepatic cells in the central one-half or two- 
thirds of the lobule are less resistant to injury than those in the 
peripheral portion. A similar differential distribution of cell damage 
has been observed in other conditions, e.g., chloroform poisoning, 
chronic passive hyperemia, and so on. In these conditions either a 
toxic agent or a disturbance of the circulation in the liver acts over 
a more or less long period of time. It has been suggested that the 
greater damage to the centrally located cells in the liver lobule is a 
result of their greater distance from the fresher part of the blood 
supply, the peripheral cells having the first opportunity to secure 
oxygen and nutriment from the blood as it percolates through the 
lobule, while the central cells receive only blood which has been 
depleted of substances essential to their life. But in our experiments 
the entire circulation through the liver was stopped temporarily. 
Hence both central and peripheral hepatic cells were subjected to 
identical conditions. The differential distribution of evidences of 
cell damage described above in the livers of our animals indicates a 
greater actual susceptibility to injury on the part of the cells in the 
central part of the lobules as compared with those of the periphery. 
Mallory 2^ has suggested that the greater vulnerability of the central 
cells of the hver lobules is due to their greater functional activity 
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serve to stimulate the proliferation of the sinusoidal endothelium. 
If this interpretation is correct, the process is the reverse of that 
described by Mallory as the probable pathogenesis of focal necrosis 
in typhoid fever. 

In all these animals the Kupffer cells contained an abundance of 
brown, granular pigment resembling hemosiderin. 

Summary 

The livers of dogs examined 24, 48 and 72 hours and 7 days after 
mechanical obstruction of the hepatic veins for periods of 7 to 30 
minutes showed the following changes. 

1. A mean increase of 25 per cent in the liver weight-body weight 
ratio, due to edema and to swelling of the hepatic cells. 

2. Swelling, granulation, vacuolization and extensive necrosis of 
the hepatic cells in the central half or two-thirds of the liver lobules. 

3. Marked dilatation of the perivascular lymphatics surrounding 
the sublobular veins. 

4. The presence of hyaline thrombi in many central and sub- 
lobular veins. 

5. Intrasinusoidal cell masses of two types: (i) small, compact, 
occluding masses probably originating in “conglutination thrombi” 
of red cells, and (2) larger, more diffuse and branching cell masses. 

6. Hemosiderosis of Kupffer cells. 



DESCRIPTION OF PLATE 


Plate 28 

Fig. I. Distention of the perivascular lymphatics about a sublobular vein. 
X 100. 

Fig. 2. Lower power field showing pale central portions of lobules, x 20. 
Fig. 3. Swelling and necrosis of liver cells, x 325. 

Fig. 4. Hyaline thrombus in central vein, x 200. 

Fig. 5. Compact cell masses in sinusoids, x 160. 

Fig. 6. More diffuse cell masses in sinusoids, x 200. 
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material and stimulates a chronic inflammatory reaction in the 
meninges, which is apparently invariably fatal. 

Since Stoddard and Cutler pointed out the necessity of bearing 
torula infection in mind in patients with increased intracranial pres- 
sure without localizing signs, chronic meningitis, or other obscure 
cerebral conditions, the number of recognized cases has steadily 
increased. 


Report of Cases 

Case i. Mrs. F. M., 32 years of age, referred by Dr. Samuel Burrows, en- 
tered the Bmings Hospital of the University of Chicago on Sept. 9, 1930, com- 
plaining of headache, pain and a feeling of tightness in the back of the neck, and 
pain behind the eyes. The family and marital history were unimportant. 

Past History: In 1922, and again in 1928, the patient had pleurisy. 

Present Ilhiess: The patient’s headache had been dull and inconstant for two 
years, but had become worse since the spring of 1929. A small liunp in the right 
occipital region was noted in December 1929, from which a small cyst was re- 
moved in April 1930, and the bone scraped. The operation left a sinus which 
drained imtil Jime 1930, when at a second operation a small sequestrum was 
removed. On recovery from the ether anesthesia the headache, pain and feeling 
of tightness in the back of the neck developed and has persisted. Discomfort 
and a feeling of pressure behind the eyes has been noted for two months. Dur- 
ing the two weeks before admission to the University Clinics nausea and vomit- 
ing occurred almost daily. The sinus in the occipital region has continued to 
drain. 

Physical Examination: The patient was a rather thin, nervous woman, not 
acutely ill. In the right occipital region was a discharging sinus 2 mm. in di- 
ameter, which could be probed almost to the bone. Roentgen-ray examination 
showed no abnormalities of this area. The left maxillary antnun was cloudy 
and pus could be aspirated from it. Areas of increased density in both upper 
lung fields and marked enlargement of the mediastinal structures could be seen 
in roentgenograms, in spite of negative physical findings. 

There was a slight stiffness of the neck but Kemig’s sign was negative. 
Papilledema was 1/2 D on the right, and i D on the left with several exudative 
and hemorrhagic areas about the disk retinal margin on the left side. All of the 
other cranial nerves were normal. Sensation over the entire body was intact. 
All extremities were somewhat weak but the muscle tone was normal. The deep 
and superficial reflexes were normal, except for an absent right upper abdominal. 

Cottrse in Hospital: On admission to the hospital the temperature was 100° F, 
pulse 90, respirations 16, blood pressure 120/80; the white blood count was 9000, 
red blood count 5,100,000 and hemoglobin 90 per cent. The urine was normal 
and the Wassermann and Kahn tests on the blood were negative. On Septem- 
ber II, two hours after a rise in temperature to 101.6° F, the patient had a 
severe headache, vomited, talked irrationally and developed a generalized con- 
vulsion without focal signs; a second convulsion occiured thirty minutes later. 
The cerebrospinal fluid was clear and colorless with a pressure of 350 mm. of 
water and a cell count of no per cmm., of which 55 per cent were polymorpho- 
nuclears and 45 per cent l3Tnphocytes. During the following five months the 
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Our knowledge of yeast infections in man originated in 1894 when 
Busse discovered a yeast-like organism in a leg tumor which had 
been diagnosed sarcoma of the tibia. At autopsy he found similar 
tumor masses in various tissues, from which he isolated the organ- 
ism. Thinking he had discovered the etiology of neoplasms he 
studied various other types of tumors and found the organism in one 
sarcoma and several nasal polyps, but the yeasts proved to be non- 
pathogenic. Two years later Gilchrist called attention to a type of 
dermatitis produced by blastomycetes. Sanfelice isolated torulae 
from human malignant tumors and these straius in the hands of 
Nichols proved pathogenic for rabbits and guinea pigs. In 1902 
Frothingham studied a tumor-like mass in the lung of a horse 
caused by blastomycetes, which he placed in the subdivision of 
torula. It was not until 1916 when Stoddard and Cutler reviewed 
yeast infections in man that a real attempt was made to correlate 
the clinical and pathological features of the disease with the morpho- 
logical and cultural characteristics of the organism producing it. 
Following Wolbach they classified these infections as (i) true yeast 
infections, (2) coccidioidal granuloma, (3) oidiomycosis, and (4) 
torula infection. They selected from the literature four cases with- 
out skin or subcutaneous tissue lesions, characterized clinically by 
cerebral symptoms throughout the course of the disease. To these 
they added two cases of their own and classified them as examples of 
torula infection. In this group fever and leukocytosis are not con- 
stant. The meninges and often the brain, lungs, liver and spleen are 
affected. The organism varies from i to 13 microns in diameter and 
has a deeply staining wall, which in the larger forms appears as a 
double line. In tissues it buds but does not sporulate; in cultures it 
buds but never produces mycelia. The yeast produces a gelatinous 
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patient’s progress was steadily downward. The temperature ranged from 100° 
to 103° F. There were numerous generalized convulsions, the papilledema in- 
creased to 5 D, nystagmus developed, and hypotonicity of the muscles of the 
extremities became marked. Drowsiness and mental confusion were outstand- 
ing. While in the hospital the occipital sinus was explored and the imderlying 
bone and dura mater appeared normal. Later, ventriculograms disclosed a 
slight hydrocephalus but an otherwise normal ventricular system. In Decem- 
ber Dr. Percival Bailey made a burr hole behind each mastoid process in the 
suboccipital region and probed the cerebellar hemispheres Avithout finding pus. 
About two weeks before death, which occurred Jan. 29, 1930, retraction of the 
neck and a bilateral Kernig’s sign were noted. The cerebrospinal fluid examma- 
tions are given in Table 1 . 


Autopsy Report 

The autopsy was performed by Dr. Paul Cannon five hours after 
death. There were about 50 cc. of a bloody fluid in the left pleural 
cavity and about 100 cc. in the right. Fibrous adhesions were 
present between the parietal and visceral pleurae at both apices but 
were more marked in the left, these being extremely dense. Other- 
wise the pleural surfaces were smooth except for small firm nodules 
2 mm. to 4 mm. in diameter, surrounded by fibrous tissue, scattered 
uniformly throughout both upper lobes. The lungs were less crepi- 
tant than normal, especially posteriorly. The cut surface of the left 
lung showed numerous fibroblastic nodules scattered espedally 
through the upper third of the upper lobe. There seemed to be no 
fresh areas of tuberculosis of either lobe. The right lung showed a 
dense fibroblastic tuberculosis extending through the medial third 
of the upper lobe. There was some fibrocaseous tuberculosis in the 
lower lobe. 

The tracheobronchial lymph nodes were fibrocaseous. Some of the 
inferior glands on the right were 3 cm. in diameter. 

The spleen weighed 400 gm. It was soft and was adherent to the 
left side of the diaphragm by fibrous adhesions. When sectioned, 
the surface was somewhat paler than normal and many tiny white 
nodules were present. These nodules were uniformly distributed 
throughout the pulp and were about i mm. in diameter. 

Together the adrenals weighed 14 gm. The left adrenal was 
slightly larger and paler than normal. The cut surface showed the 
cortex to be pale. The right adrenal resembled the left in size and 
appearance. An occasional small scar was seen on stripping the 
capsule of the kidney. Otherwise the kidneys appeared normal. 
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eosin, methylene blue or mucicarmine. However, moist sodium 
hydroxide preparations made from the spleen before fixation showed 
yeast cells, as well as many bacteria. 

Adrenal: One adrenal has a large acute lesion with a necrotic 
center lying at the end just imder the capsule. It is filled with organ- 
isms and in places where they are most numerous the parenchyma 
has completely disappeared and only the connective tissue trabecu- 
lae remain (Fig. 3). This area is surrounded by an exudate com- 
posed chiefly of plasma cells, with numerous l3Tnphocytes and a 
few large mononuclear cells; fibroblastic and polymorphonuclear 
cells are rare. The cell columns just peripheral to the cellular re- 
action show slight evidence of compression in places. Budding forms 
are very numerous, many more than in the meninges (Figs. 3 and 6). 
Clear zones surround organisms in areas of necrotic tissue. In the 
same adrenal another acute lesion has formed around one of the 
central veins; the luinen of the vessel is filled with red blood cells, 
the wall densely infiltrated with torulae. Outside the vessel there are 
large numbers of organisms in necrotic tissue surrounded by a fibro- 
blastic reaction similar to the other. The other adrenal contains a 
smaller, more acute lesion with very little tissue destruction and a 
small number of organisms. There is very little cellular reaction 
around it, but budding forms are very numerous. 

Lungs: The lungs contain large dense scars with small, irregular, 
calcified foci. Surrounding them is fibrous tissue proliferation con- 
taining many fibroblastic nodules with giant cells and epithelial cells 
like those seen in the spleen. Some of the giant cells contain spaces 
with sharp borders, as if crystals had been dissolved out. Acute 
bronchitis and small areas of bronchopneumonia are scattered 
through the lungs. No yeast-like organisms or tubercle bacilli are 
seen. 

Lymph Nodes: Most of the lymph nodes are completely replaced 
by fibrocaseous material with no active processes present. A large 
node near the hilum of the spleen is the seat of extensive hyaline 
degeneration and marked endothelial hypertrophy. There are oc- 
casional small tubercle-like structures with and without giant cells 
in the center, which in places are grouped together but separated by 
fibrous tissue. Yeast fungi could not be found, but some giant cells 
contain spaces resembling the residues of organisms like those in 
the spleen. 
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The mesenteric and retroperitoneal lymph nodes were normal in 
appearance. The l5Tnph nodes at the hilum of the spleen were defi- 
nitely enlarged and contained small, white, pin-head-sized bodies 
resembling tubercles. The lymph nodes surrounding the common 
duct were markedly enlarged and showed areas var5dng from i mm. 
to 8 mm. in diameter, which were whitish and opaque in appearance. 

Brain and Meninges: The dura mater was under some increased 
tension. The cerebral hemispheres were of equal size, normal shape, 
and the convolutions were moderately flattened. The leptomeninges, 
which had a rather dry appearance, showed numerous small, white, 
tubercle-like nodules from i to 2 mm. in diameter scattered through 
them (Fig. ii); they were more numerous over the frontal lobes. 
The pia-arachnoid was thickened everywhere; this was most marked 
in the perichiasmal region where it was greatly thickened and had 
a gelatinous appearance. This exudate extended over the pons and 
medulla and over the superior part of the temporal poles. Around 
some of the larger vessels, particularly those of the Sylvian and 
Rolandic fissures, was a yellowish white exudate (Figs, i and ii). 

Frontal sections of the cerebral hemispheres disclosed a slight 
degree of hydrocephalus but an otherwise normal ventricular sys- 
tem. The aqueduct of Sylvius was patent and the fourth ventricle 
normal. The prolongations of the pia mater between the gyri were 
thickened and that overlying the hippocampus, gyrus dentatus and 
insula was 2 to 3 mm. in thickness (Fig. 1). No cystic cavities were 
present in the cortex, the basal ganglia or elsewhere in the brain. 

In sections passing just anterior to the temporal poles a small 
cavum septum pellucidum was seen. The cerebellum, pons and 
medulla were grossly normal, except for the exudate over their 
surface. 

Microscopic Examination 

Spleen: The spleen contains great numbers of tubercle-like 
nodules and shows marked hyaline degeneration which closely re- 
sembles amyloid but does not stain with Congo red. Giant ceUs are 
numerous, some having nuclei arranged around the periphery, 
others having the nuclei clumped in one part of the cytoplasm. No 
organisms can be found, but the giant cells occasionally show spaces 
resembling the residues of digested organisms; distinct outlines or 
shells appear clumped together in a dear space. No double con- 
tours can be seen, neither does this debris stain with hematoxylin- 
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The granuloma covering the corpora quadrigemina, which is 6 or 
7 nun. thick, is composed largely of necrotic material resembling 
caseation in some areas. The only cells not having degenerative 
changes are in immediate proximity to the blood vessels. They are 
chiefly lymphocytes, but polymorphonuclear leukocytes, plasma 
cells and large mononuclear exudate cells are numerous. Often a 
vessel win have a thickened wall almost surrounded by organisms, 
which are surrounded by a thick collar of l5miphocytes or leukocytes 
with degenerated areas peripheral to this. 

Most of the blood vessels show proliferation of the adventitia and 
often contain torulae within their walls; some have groups of torulae 
in their walls not surrounded by inflammatory cells. Several large 
vessels present marked endarteritis, the lumen being almost obliter- 
ated by a proliferation of endothelium. Torulae are found in the 
intima of several of these vessels. One space lined with flattened, 
elongated cells resembling endothelium is filled with organisms. 

The ganglion cells of the cerebral cortex are in various stages of 
degeneration; most of them are swollen and distorted, with a com- 
plete chromatolysis of the NissI substance, and many appear as faint 
outlines. The astrocytes are increased both in size and in number. 
The myelin sheaths in the subcortical white matter are greatly 
thinned out. They are swollen, fragmented, and in places small 
vacuoles are present. A normal number of myelin sheaths enter the 
cortex but they are swollen, beaded in appearance and lack con- 
tinuity. Many mucocytes occur throughout the white matter. The 
nerve fibers in the white matter are severely broken up, the frag- 
ments are beaded and often irregularly shaped globules are the only 
remnants. There is no fatty degeneration, except in the perivascular 
inflammatory cells. 

Ganghon cells, myelin sheaths and nerve fibers in the corpus 
striatum show changes similar to those in the cortex. No fatty de- 
generation is present. The lower part of the lenticular nucleus, ad- 
jacent to the granuloma described above, has many dilated blood 
vessels with marked perivascular, lymphocytic and leukocytic infil- 
tration. Many inflammatory cells are also found free in the tissue, 
the polymorphonudears predominating. The ependyma is much 
thickened and underlying it is a marked proliferation of glia which 
produces a protrusion of the ependymal lining into villus-like struc- 
tures (granular ependymitis). 
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Kidney: The epithelium of the kidney is swollen, granular and 
in places necrotic. 

The other organs contained nothing of interest. 

Brain and Meninges: Sections for microscopic study were taken 
from the cerebral hemispheres, corpus striatum, midbrain, pons and 
cerebellum. They were stained with thionin, mucicarmin and 
scarlet red. Myelin sheath stains were made after the method of 
Weil, and nerve fiber stains after Bielschowsky. In addition the 
meninges were stained with hematoxylin and eosin, with carbol- 
fuchsin for tubercle bacilli, and by Van Gieson’s method for con- 
nective tissue. 

The leptomeninges over the convolutions are slightly thickened 
and infiltrated with plasma cells. Wherever there is a blood vessel 
a marked cellular reaction is present around it, and where numerous 
blood vessels occur close together a granuloma is formed in the 
meninges. Over the convexity of the brain, where the reaction is 
less marked, degenerative changes are few; plasma cells predominate 
and there are many cells with large, oval or elongated, pale staining 
nuclei and lymphocytes. Giant cells are scattered through the 
meninges, most often forming the center of a nodule. Considerable 
connective tissue is shown by the Van Gieson method. Many fat 
globules can be seen in scarlet red preparations, usually within cells 
in proximity to areas of necrosis, but not within the areas of marked 
necrosis. 

There is a granuloma at the base of the corpus striatum, arising 
in the meninges and extending a considerable distance into the 
brain. In this area are many giant cells and munerous areas of com- 
plete degeneration. There are many lymphocytes and polymorpho- 
nuclear leukocytes, the former predominating; plasma cells and 
cells with large, pale, oval or elongated nuclei are fewer than over 
the convexity of the hemispheres. There is much rather old con- 
nective tissue and many new blood vessels in the granuloma. Toru- 
lae are scattered through the meninges, often occurring in large 
groups without evidence of cellular reaction around them (Figs. 4 
and 5). The adjacent area of the brain has many dilated blood 
vessels with marked perivascular lymphocytic and leukocytic infil- 
tration, and many inflammatory cells free in the tissues, of which 
the polymorphonuclears predominate. Pial funnels greatly thick- 
ened }Dy a lymphocytic reaction dip far into the brain. 
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numerous torulae, plasma cells and lymphocytes. The other area 
of softening is different in many respects. Several blood vessels with 
a lymphocytic infiltration about them enter it. The cellular re- 
action is composed largely of glia and cells with pale elongated 
nuclei; pol3unorphonuclear and plasma cells are rare and no torulae 
are present. A long, narrow zone of degeneration extending from 
the cortex centrally through the white matter is revealed by the 
presence of many fat globules, most of which are within cells. 

In one area in the dentate nucleus are mmierous groups of small, 
densely and evenly staining round bodies from pin-point size to 
2 microns in diameter, which stain purple with thionin. They are 
usually discrete but often appear to be budding. They generally 
occur in double file along a straight or sinuous course, and the flat- 
tened endothelial cells of a capillary can usually be identified along 
the route. They are most probably minute torulae within capil- 
laries. 

The Organism: Various stains were used and although the organ- 
isms took many of them weU, they were difficult to identify in the 
tissues unless present in large numbers. In looking for a differential 
stain, those for mucin were considered because of the gelatinous 
substance produced by torula in the meninges, Bailey and Schal- 
tenbrand have demonstrated that the clear, non-staining substance 
which occurs in acute swelling of oligodendroglia is in reality a 
mucin-like substance. This was shown by Grinker and Stevens to 
be a specific type of regressive change found in no other glia, and 
represents the same process as mucoid degeneration, Torula stains 
the same color with mucicarmin, but the morphology is so different 
that no confusion will arise in the differentiation from mucocj^tes, 
although the latter are numerous in the brain in this case. By this 
method the organisms can be easily found with the low power ob- 
jective of the microscope: they are pink, the cell nuclei brown and 
ceU cytoplasm yeUow. Goto obtained a somewhat similar result 
using Best’s carmin stain. 

Stained by this method the organism under the lower power of the 
microscope is a round or oval, somewhat refractile body with a pale 
staining center and a deeply staining pink wall. Under the oil im- 
mersion objective the small forms have a homogeneous center and 
a single line composing the wall. Often the medium sized and large 
forms have a double-contoured wall. Vffien the inner one is brought 
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The nuclei of the pons and midbrain are in fairly good condition. 
Some of the ganglion cells are slightly swollen and others have a 
somewhat sclerotic appearance. The myelin sheaths are less dam- 
aged than in the subcortical white matter. Mucocytes, which are 
pink-stained with mucicarmin, are numerous. There is a triangular 
area of incomplete softening with the base on the surface of the pons 
and the apex inside. It is filled with large scavenger cells and in- 
vaded by many new blood vessels. The border line is sharp. The 
parenchymatous elements about the periphery are fairly well pre- 
served and the microglia are increased. Myelin has completely dis- 
appeared from this infarct. The subaraclmoid space surrounding 
the midbrain and pons is completely obliterated. 

Complete chromatolysis of NissFs substance has occurred in the 
ganglion cells of the dentate nucleus. Throughout the granular 
layer of the cerebellum are small foci where these cells have dropped 
out. AH of the Purkinje cells show degenerative changes; many are 
rounded or distorted and appear as faint outhnes or shadows. In 
one area there is a complete falling out of the granular and Purkinje 
cell layers of one-half of a folium and the adjacent half of the neigh- 
boring folium. In this area the glia are somewhat increased. The 
scarlet red stain discloses many fat globules in the cortex of the ad- 
jacent halves of the two folia, extending centrally as far as the 
granular layer, with only an occasional droplet within it. The 
myelin sheaths in the white matter are greatly thinned out; they are 
swollen, fragmented, and in places small vacuoles are present. The 
myelinated fibers entering the folia are sparse and no fine fibers can 
be seen entering the granular layer. Using Bielschowsky’s method, 
the nerve fibers in the cortex of the cerebellum are seen to be fairly 
well preserved. In the white matter they are markedly fragmented, 
and the fragments are beaded or appear as irregularly shaped 
globules. 

There are two areas of softening about i mm. in diameter, one 
being in among the ganglion cells of the dentate nucleus, and the 
other in the white matter enclosed by the arms of the nucleus. The 
latter has in it several large giant cells containing torulae; these lie 
in the midst of a large collection of pol3morphonuclear leukocytes 
which are surroimded by a thick ring of cells with large, oval, pale 
nuclei. Scattered through this lesion are similar pale nuclei which 
have assumed a more rounded or a more elongated form, as weU as 
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sharply into focus the outer appears as a less deeply staining, re- 
tractile ring. Pink spicules radially arranged, with a broad base 
attached to the outer wall of the organism, and a pointed end are 
present on many of them (Fig. 5). In the tissues these yeast-like 
bodies are often surrounded by a wide clear zone, especially when in 
groups or in tissue imdergoing regressive changes (Figs. 3, 5 and 6). 
The distal ends of the spicules usually extend out to the periphery 
of this clear zone but have not been seen to reach beyond it. This 
effect is most probably due to the action of the fixative. 

The centers of the medimn sized and large forms have several 
variations; some are homogeneous like the small ones; others are 
homogeneous except for the presence of two to five irregularly 
shaped, clear spaces, or non-staining inclusions. Many, however, 
have the entire portion within the wall composed of a tan, flocculent 
material (Figs. 5 and 6). This may be evenly distributed; it may 
contain in it clear spaces, or when small in amoimt form a ring just 
medial to and touching the inner wall of the organism. 

Often a black, chromatin-like substance lies within the organism, 
which gives it the appearance of having a nucleus. 

Most of the torulae occur free in the tissues but are sometimes 
found within giant cells (Fig. 13). Here they vary much in the depth 
of the stain taken. Some are deep pink, others in the same giant cell 
are colorless. There can be no doubt about the identity of the latter 
because of their characteristic size and shape, and some even have a 
double-contoured wall. This is important to note, because the in- 
clusions in the giant cells of the spleen, lung and perisplenic lymph 
node may be of this nature, though it is true that no double-con- 
toured forms are seen. 

Reproduction is by budding, occurring usually in medium sized 
and large forms (Figs. 3,5,6 and 7). All stages are seen from a small 
bud-hke projection from the circumference of the organism to dumb- 
bell forms where the mother and daughter cells are of equal size. 
Finally the two bodies separate, though occasionally they continue 
to be connected by a pink-staining band. Usually the daughter cell 
breaks off when it reaches one-half to two-thirds the size of its 
parent. 

Budding forms are munerous in the lesions in the adrenals, 
much less frequent in the meninges. No budding has been seen in 
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the culture ages. The colonies spread slightly. There is a variation 
in the size and shape of the cells. Budding forms are numerous in 
young cultures. With carbohydrate concentration of 2.5 per cent, 
dextrose was fermented on the seventh day with production of acid 
without gas. Fructose and mannose showed a slight amount of acid 
on the twelfth and fourteenth days respectively. Neither acid nor 
gas was formed in any of the other sugars tested (Table II). With 
0.5 per cent concentration of carbohydrate similar reactions were 
obtained, except that fermentation of dextrose did not appear until 
the fourteenth day. 

Animal Pathogenicity: Rats and mice were inoculated intra- 
peritoneaUy with pure cultures of each of these strains. The mice 
died during the third week after inoculation. Autopsies were per- 
formed and cultures made from the tissues but no yeast-like organ- 
isms were recovered. 

The rats remained well and were sacrificed one month after in- 
oculation. The rats inoculated with the strains producing no pig- 
ment {a) were normal so far as could be determined, and cultures 
made from the liver, spleen and kidneys were sterile. The rats in- 
oculated with the strain producing yellow pigment {b) showed white 
patches on the spleen and a few on the hver. These white patches 
were similar to those described by Tanner and Dack in rats inocu- 
lated with yeasts isolated from sore throats, but yeast could not be 
isolated in cultures of these organs. Histological sections of the 
spleen contained nothing which could be definitely identified as a 
yeast. 

Two guinea pigs were injected in the groin with cerebrospinal 
fluid Jan. 10, 1931, a short tim e before the patient’s death. One 
died February 19, and autopsy revealed exudate in both pleural 
cavities and some consolidation of the lungs. Some elements in the 
microscopic sections might be considered yeast, but none could be 
cultured from this exudate or any of the other viscera, though bac- 
teria were munerous. The second pig, which had been in good health, 
was killed April 18 and cultures made on Sabouraud’s medium, 
Heinaman’s potato medium and in dextrose broth from the brain, 
liver, spleen, kidney, lung, peritoneal cavity and heart’s blood. All 
organs appeared normal. Pure cultures of a budding, yeast-like 
organism were recovered from lung and kidney. These organisms 
were oval and stained very faintly with mucicarmin, but a deep 
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giant cells; the colorless zone surrounding the bodies, so frequently 
present in the extracellular ones, is occasionally found here. No 
spores, mycelia or h)q)hae are seen. 

Bacteriological Examination* 

Method of Isolation: Moist sodium hydroxide preparations of the 
spleen showed under the microscope yeast cells, as well as many 
bacteria. Small blocks were removed aseptically from the tissue and 
streaked on the following media: Sabouraud’s dextrose agar plates, 
carrot cylinders, Corper’s glycerinated potato cylinders, Petroff’s, 
and Hohn’s egg medium. The cultures were made in duplicate, one 
set being incubated at room temperature and the other at 37° C. 

A part of the tissue was ground in a sterile mortar and emulsified 
in normal saline. One half of this was heated to 53° C for twenty 
minutes to lull ofi the bacteria. Two rats and two mice were then 
inoculated with each emulsion. The mice died with evidence of 
bacterial infection, but no yeast-like organisms were recovered. The 
rats remained normal. 

Yeast-like organisms grew out in Sabouraud’s agar, carrot cylin- 
ders and the egg medium of Petrol! and of Hohn (see Hfith). By 
repeated subculture on Sabouraud’s agar, pure cultures were ob- 
tained from the carrot cylinder. Two varieties of yeast were isolated, 
one producing no pigment and one producing a yellow pigment. 

Cultural Characteristics: (a) Sir am Producing No Pigtnefit: On 
Sabouraud’s agar the growth is white and shiny. The colonies are 
discrete, spreading slightly mth age (Fig. 10). The cells are round 
and quite uniform in size and shape. Budding forms are quite num- 
erous in yoimg cultures. Fermentation tests were made using both 
0.5 per cent and 2.5 per cent concentrations of the carbohydrates. 
The higher concentration of sugar seemed to hasten the reaction and 
cause a definite amount of gas to be formed in some of the sugars 
(Table II). In this, acid and gas were formed in dextrose, fructose 
and mannose. There was no reaction in galactose, inulin, lactose, 
sucrose, maltose or xylose at the end of fourteen days. 

(b) Strain Producing Yellow Pigment: On Sabouraud’s agar the 
growth is a light yeUow at first, becoming more deeply pigmented as 

* I was assisted in the bacteriological work by Miss Elizabeth Petran and Miss 
Bertha Kaplan of the Department of Hygiene and Bacteriology. 
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to Speak, but pointing to the right side of her chest as though it hurt. The temper- 
ature was 101.8° F, pulse 140, respirations 48. The teeth were in poor condition, 
mouth dirty, tongue parched, lips covered with sores and breath foul. She could 
close her mouth voluntarily but seemed unable to keep it closed. The chest 
was resonant throughout but the breath sounds could barely be heard over the 
right lung. The heart sounds were clear and distinct at the apex but distant 
elsewhere; the heart did not appear enlarged. Ophthalmoscopically the blood 
vessels were moderately engorged, disk margins blurred and there was slight 
papilledema. Pupils were equal, reacted to light and accommodation and the 
extraocular movements were normal. No facial weakness. The tongue could be 
protruded only a short distance but it appeared in the midline. All extremities 
were rather weak but there was no paralysis. A coarse, slow tremor of the hands 
was present and the muscles of the arms were rather stiff. Sensation and reflexes 
in upper and lower extremities were normal. A bilateral imsustained ankle 
clonus was obtained. There was a little stiffness of the neck and a slightly 
positive Kemig’s sign. 

Laboratory Data: A lumbar puncture was made and 96 cells found, 84 of 
which were lymphocytes and 12 pol}unorphonuclear leukocytes. A smear was 
made for tubercle bacUli but none was found. A culture of the fluid yielded 
Staphylococcus aureus and a diphtheroid bacillus. 

Course in Hospital: Four days after admission her condition grew rapidly 
worse, the extremities became cold and cyanotic and large bubbling r^es could 
be heard in the chest. Postmortem roentgenogram of the chest showed an 
extensive pneumothorax on the right side. 

Autopsy Report 

The autopsy was performed by Drs. E. D. Peasley, J. W. Budd 
and C. F. Obermann thirteen hours after death. 

The only significant findings were in the lungs and the central 
nervous system. The left pleural cavity contained a small amount 
of clear, straw-colored fluid. When the right pleura was ptmctured 
a considerable amount of foul-smelling gas escaped under pressure. 
About 400 cc. of grayish, purulent fluid was present and the limg 
had collapsed so that it occupied about one-fifth of the cavity. An 
abscess i cm. in diameter could be seen just beneath the pleura near 
the base of the inferior lobe of the right lung on the anterior lateral 
aspect. The bronchi contained mucopurulent exudate which com- 
pletely occluded many of them; there was marked bronchitis and 
tracheitis. The left lung appeared normal, except for a few healed 
lesions in the serosa. 

Brain and Meninges: The leptomeninges of the brain were thick- 
ened and had a milky, grayish appearance, most marked around the 
interpeduncular region and fissure of Sylvius. The blood vessels were 
markedly congested. The convolutions were normal. 
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violet with the Gram-Weigert stain. These were transferred to 
2.5 per cent dextrose, lactose, sucrose, maltose, mannose, galactose, 
inulin, fructose and xylose; acid and gas formed in dextrose, mannose, 
and fructose in twenty-four hours, but no change appeared in the 
others in two weeks. These cultures were also put into i per cent 
dextrose, lactose and saccharose, and 0.5 per cent maltose, mannose, 
inulin, xylose, fructose, rhamnose, raffinose, ducitol and galactose, 
with the formation of acid and gas within twenty-four hours in the 
dextrose and fructose. No reaction appeared in the other tubes on 
prolonged standing. Cultures from the lung and the kidney pro- 
duced identical reactions. Torulae were not found in microscopic 
sections of lung, kidney or other organs. This strain was translucent 
to white, at first becoming brownish with age (Fig. 12). It fermented 
the same sugars as the pigment-producing one from the spleen. On 
April 24, two guinea pigs and two rats were injected intraperitone- 
ally with cultures from the lung. One of the rats died September ii, 
the other animals were sacrificed the same day and cultures made of 
the brain, lungs, kidneys and spleen on Heinaman’s potato medium 
and in dextrose broth. An oval, budding organism morphologically 
like the one injected was recovered from the brain and spleen of the 
rat that died, and from the spleen of one of the guinea pigs. All of 
the tissues appeared normal. 

Case 2. * Mrs. F. H., aged 48 years, entered the University of Iowa Hospital, 
Feb. 20, 1929, complaining of headache, weakness and coldness of the extrem- 
ities, inability to speak, and difficulty in swallowing. Her family history was of 
interest, in that one child died of meningitis. The patient had pneumonia in 
1925. 

Present Illness: Began Nov. 15, 1928, three months before entering the hos- 
pital, with headache, pain in back of the neck and vomiting. Five days later 
she complained of weakness and coldness of the extremities, more on the right 
than the left. November 22 she became unable to speak and attempts to eat 
produced attacks of strangling and coughing. This continued and she was un- 
able to take anything but fluid after this symptom appeared, and consequently 
lost 70 pounds in weight. About one week before admission to the hospital her 
husband noticed she was acting queerly; she would sit huddled up in bed with 
her mouth hanging open, apparently imable to keep it closed. All of her symp- 
toms continued and she was brought to the hospital. 

Physical Examination: Showed a markedly emaciated, white woman, sitting 
doubled up in bed, mourning and shaking her head, mouth hanging open, unable 


* Through the courtesy of Drs. G. H. Hansmann, C. Van Epps, and C. F. Obermann 
of Iowa City I have been able to study this case, which has features not present in my 
own. 
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a halo. Around a large cavity are often numerous small cavities, 
each containing one or more organisms. The organisms are very 
large, often double-contoured with rare budding forms (Fig. 15), 
Numerous convexoconcave and biconcave forms, like those shown 
by Freeman in his comparative study of this condition, are seen. 
Other forms have three concavities visible. Several cysts are seen 
which contain a moderate sized blood vessel; in all of these, and in 
a few others where no vessel can be identified, there is some round 
cell reaction. 

The spinal meninges resemble those of the brain except that the 
organisms are fewer. No lesions are found in the spinal cord. 

Cultures were made at autopsy with the following results: (a) 
blood: Streptococcus hemolyticus) {h) empyema: a yeast-like organ- 
ism, a streptococcus, and B. proteus-, (c) limg abscess: Staphylococcus 
aureus, a streptococcus, and B. proteus-, and (d) brain: Streptococcus 
hemolyticus and B. proteus. Unfortunately the yeast grown from the 
pleural exudate was not saved, so no studies were made of it. 

Discussion 

Torula is distributed widely in nature, having been cultivated 
from wasp nests, the stems of many plants and grasses, the bodies of 
numerous insects, and from pickle bran (Buchanan, Duggar, 
Stevens). It has been found in milk (Klein) and in canned butter 
(Rogers). It seems that all types are originally non-pathogenic, 
becoming pathogenic only under suitable conditions. The low 
pathogenicity is borne out clinically by the fact that most cases are 
recognized only when they attack the central nervous system. 

Freeman divided the lesions of the brain into three general orders: 
meningeal, perivascular and embolic. The perivascular is frequently 
associated with the meningeal. Except in Ball’s Case i, meningitis 
was present in all of those vith cystic cavities, which are considered 
by Freeman to be embolic phenomena. Cystic cavities were re- 
ported by Ball, Benda, Bettin, Flu and Woensdregt, Freeman and 
Weidman, von Hansemann, Pierson, Rusk and Famell, Smith and 
Crawford, Stoddard and Cutler, Stone and Sturdivant, Weil, Wdiite, 
and Williams. Cases with meningitis without cysts were recorded 
by Evans, Goto, Hall and Hirsh and Mock, Hansmann, Hirsh and 
Coleman, Lynch and Rose, Massee and Rooney, McKendree and 



TORULA INRECTION 


183 

The brain was cut into thin coronal sections which revealed nu- 
merous cystic cavities containing a gelatinous material. They were 
found (i) in the basal ganglia of both hemispheres, varying in size 
from I to 8 mm. in diameter (Fig. 2); (2) the right cerebellar hemi- 
sphere at about the dentate nucleus, 1 to 3 mm. in diameter (Fig. 
14) ; (3) the cortex of the right frontal lobe on its ventral aspect, and 
(4) the pons in the vicinity of the substantia nigra. There was mod- 
erate hydrocephalus. 

The meninges of the spinal cord were thickened and the blood 
vessels were congested. Several white, flaky patches were seen in the 
meninges. The cord appeared normal externally and on section. 


Microscopic Examination 

Lung: Microscopically the greatest changes are in the right 
lower lobe of the lung, where there is an extensive pneumonic 
process of the lobular type. Between the patches of pneumonia 
are many large abscesses filled with pol3nnorphonuclear leukocytes 
with relatively little fibroblastic reaction. Several large foreign body 
giant cells are present, but no yeast organisms can be found al- 
though they were isolated by culture from the pleural exudate. 

M eninges: Microscopically there is a chronic inflammatory proc- 
ess in the meninges. The exudate is made up largely of lympho- 
cytes and plasma cells, with a few polymorphonuclear leukocytes. 
Giant cells are quite numerous; the nuclei in some are arranged about 
the periphery and in others are grouped together in the center of the 
cell, var3dng from ten to twenty in number. Torulae are found scat- 
tered through the meninges and within giant cells; they vary con- 
siderably in size. Budding forms are seen occasionally. Perivascu- 
lar reaction is much less prominent than in Case i . 

The cysts have a characteristic appearance (Fig. 9) . A t3qDical one 
appears as a cavity with practically no reaction around it. Often it 
is multilocular, being divided into compartments by strands of 
necrotic brain tissue running from one wall to another. The wall in 
many of the cysts appears compressed, but not sufi&ciently to ac- 
count for its size by expansion alone, due to the material produced 
by the organism. Large numbers of organisms lying free and in 
necrotic material near the peripheiy are present. Those lying in 
areas of necrotic material are surrounded by clear zones resembling 
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The finding of torulae in the gasserian ganglion in four cases (Hall, 
Hirsh and Mock, Hirsh and Colemaii, and Semerak (two cases)) 
suggests direct extension from the pharyngeal structures. Although 
most cases have been reported as meningo-encephalitis, and a few 
as localized abscesses (Brewer and Wood, McGehee and Michelson) 
and infections of the nasopharynx, many were generalized (Hall, 
Hirsh and Mock, Pierson, Rappaport and Kaplan, Rusk and Famell, 
Sheppe, Stone and Sturdivant, Verse, White, WiUiams, and Watts’ 
Case i). After the central nervous system, the lung, spleen, kidney 
and adrenal each contain the organisms most frequently. In con- 
trast to oidiomycosis and coccidioidal granuloma, a skin lesion has 
been present in only one case (Rappaport and Kaplan) and a bone 
lesion in one (Brewer and Wood), In the latter the spinous processes 
and laminae were eroded but no torulae were found in the bone itself. 

Dissemination from the respiratory tract may be by the blood 
stream or lymphatics. Organisms in the gasserian ganglion of four 
cases suggest lymphogenous infection, Spitzer’s experiments sup- 
port this view; he produced an ascending inflammatory neuritis 
spreading up to and implicating the gasserian ganglion by injecting 
Abrus precatorius into the dental pulp of dogs. The infarct in the 
pons, torulae in the inthna of meningeal vessels producing an en- 
darteritis, and minute torulae in capillaries of the cerebellum of 
Case I add weight to the theory that cystic cavities in the deep 
white, or gray matter of the brain are embolic phenomena. Here by 
embolic phenomenon is meant not the occlusion of a small vessel 
with resulting ischemic hquefaction, but the passage of torulae by 
the blood stream and the deposition with the production of a cyst 
by the organisms, by lysis, or by expansion. 

The cerebrospinal fluid findings are what one would expect in 
chronic meningitis. The sugar has been reduced in all cases in which 
it was noted to about the same degree found in tuberculous menin- 
gitis, as shown in a review by Watts and Viets, The chloride con- 
tent, measured as sodimn chloride, was reduced to the unusually low 
level of 464 mg. per 100 cc. This is even lower than occurs in tuber- 
culous meningitis, and Fremont-Smith in his comprehensive review 
records no figure as low. The colloidal gold curve has been noted in 
very few instances, but in three it was distinctly paretic in type 
(Hansmann, Wortis and Wightman, and Watts), Several instances 
of the non-specific character of the curve are given by Watts and 
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Cornwall, Rappaport and Kaplan, Shapiro and Neal, Semerak (two 
cases), Sheppe, Stoddard and Cutler, Swift and Bull, Tiirck, Verse, 
Wilhelmj, Wortis and Wightman. Case i of this report belongs to 
the latter group and Case 2 to the former. In five, the diagnosis of 
meningitis was made by detecting the organism in the cerebrospinal 
fluid (Evans (two cases), Lynch and Rose, Shapiro and Neal, Wortis 
and Wightman), an autopsy not having been performed. Stoddard 
and Cutler, and Freeman in his comparative study and also in his 
paper with Weidman, noted degenerative changes in the ganglion 
cells, increase of neuroglia and myelin sheath degeneration; Rusk 
found tlie nerve cells normal. Most observers have completely ig- 
nored these elements, confining tlieir attention entirely to the organ- 
isms and the more prominent changes produced by them. In addi- 
tion, my first case showed an infarct in the pons and a marked atro- 
phy of the cerebellum. 

The portal of entry is probably the respiratory tract in most cases. 
Torulae were found in the lungs of several cases (Hall, Hirsh and 
Mock, Pierson, Rusk and Famell, Sheppe, Stone and Sturdivant, 
White, and Williams) of which Sheppe’s case has the distinction of 
being the only one without clinical signs of cerebral involvement. 
Many others had pulmonary disease of another nature: pulmonary 
tuberculosis (von Hansemann, Lynch and Rose, Rappaport and 
Kaplan, Stoddard and Cutler, Verse) ; tuberculous bronchial lymph 
nodes (Hansmaim); terminal pneumonia (Massee and Rooney, 
Pierson, Stoddard and Cutler, Smith and Crawford). Torulae were 
cultured from the upper respiratory tract in three cases (Evans, 
Rappaport and Kaplan, Tiirck), tonsillitis preceded the illness in 
three (Freeman and Weidman, Jones, Sheppe) and otitis media in 
three (Bettin, Stoddard and Cutler, and Wilhelmj). Alvarez de- 
scribed a red torula with cultural characteristics like the others, 
grown from a patch of reddish hair-like filaments on the tongue, 
which produced s3mptoms by tickhng the uvula; there were no sys- 
temic S3mptoms. Berghausen cultured a torula from an ulceration 
of the tongue which developed following an injury; this was associ- 
ated with pleurisy and X-ray evidence of consolidation of the lungs, 
and a palpable spleen. The patient died of manition. Curetting from 
nodules in the pharynx revealed the organism to Jones, in a patient 
in whom all of the symptoms were local for months but later became 

systemic. 
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No treatment is known which affects the course of the disease, but 
Stone and Sturdivant have inhibited the growth of the organism 
in vitro by the use of gentian violet, gold sodium thiosulphate, and 
X-ray therapy. 

SUMMAHY 

1. Two cases of torula infection are presented. In the first the 
infection was generalized but the symptoms were almost entirely 
cerebral. A remarkable collection of pathological changes were 
present in the brain; diffuse meningitis, granulomas in the meninges, 
marked endarteritis and proliferation of adventitial elements of the 
meningeal vessels, an infarct in the pons, areas of softening and focal 
disappearance of the granular and Purkinje ceUs in the cerebellum, 
diffuse ganglion cell changes, increase of neuroglia, nerve fiber de- 
struction, myelin sheath damage, and encephalitis by extension in 
the striate body. The second case falls into the group which Free- 
man considers embolic phenomena. 

2. Mucicarmin was found to be an excellent differential stain, 
not only making it easy to identify the organism by its distinctive 
color, but brin^g out details of structure not hitherto recorded. 

3. Two strains of yeast-like bodies were isolated: the one produc- 
ing no pigment falls into the torula group; the one producing pig- 
ment appears to be chromotorula. The organism was non-patho- 
genic for guinea pigs, rats and mice. 

4. The respiratory tract is probably the portal of entry in most 
cases. The infarct in the pons, endarteritis of numerous meningeal 
vessels with torula in the intima, and softenings in the cerebellum 
in Case i add weight to the theory that cystic cavities in the deep 
white and gray matter are embolic phenomena and dissemination is 
by the blood stream. 
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Mixter in spinal epidural granuloma. Seven cultures made of the 
cerebrospinal fluid on blood agar and Rosenow’s medium were nega- 
tive after three days. Of twenty-three cases in which cultures were 
attempted, growth was obtained in seventeen; in one of these, cul- 
tures were negative in the early stages of the disease. In six no 
growth was obtained, in spite of the fact that the organism was 
seen on smear of the fluid. 

Harrison’s classification of the torulaceae on physiological char- 
acteristics appears to be the best to follow and is recommended by 
Henrici who says: “He retains the genus Mycotorula of Will for 
those forms producing rudimentary mycelia. The remaining species 
are grouped according to pigment production into the genera — 
Rhodotorula with red pigment, Chromotorula with pigment other 
than red, and Torula with no pigment. Torula and Mycotorula are 
further divided into groups according to their sugar fermentations,” 

Group A. No acid or gas in any sugar. 

Group B, Slight add in dextrose, mannose, fructose or galactose. 

Group C. Slight add with or without trace of gas in dextrose, mannose, 
fructose or galactose, and saccharose. 

Group D. Marked addity and gas in dextrose, fructose, or galactose, and 
mannose. 

Group E. Marked acidity and gas in dextrose, mannose, fructose, galactose 
and saccharose. 

Group F. Marked addity and gas in dextrose, mannose, fructose, galac- 
tose, saccharose and raffinose. 

Group G. Marked addity and gas in dextrose, mannose, fructose, galac- 
tose, saccharose and maltose. 

Group E. Marked addity and gas in dextrose, mannose, fructose, galac- 
tose, saccharose and lactose. 

Group I. Marked acidity and gas in dextrose, mannose, fructose, galac- 
tose, saccharose, lactose and inulin. 

According to this classification the strain producing no pigment 
falls into Group D of torula. The strains producing pigment ap- 
pear to be chromotorula. 

Torula infection should be considered in the differential diagnosis 
by clinicians where symptoms of increased intracranial pressure of 
unknown etiology, prolonged chronic meningitis, and chronic pul- 
monary conditions are present. The organism should be looked for 
in the cerebrospinal fluid and the sputum. Likewise, pathologists 
should be more guarded in calling all chronic meningeal and pul- 
monary disease tuberculosis when the tubercle bacillus is not found. 
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Plate 29 

Fig. I. Case i. The pia-arachnoid is thickened and there are many gran- 
ulomas in the Sylvian fissure. 

Fig., 2. Case 2. Cystic cavities i to 4 mm. in diameter are seen in both 
lenticular nuclei. 
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Fig. 3. Case i. An abscess containing many toruJae lying in necrotic ma- 
terial is shoATO on the right, and normal adrenal on the left. The organisms 
vary ..considerably in size; some are surrounded by clear zones. Muci- 
carmin stain. x 600. 

Fig. 4. Case i. Section through a granuloma in the meninges \vith numerous 
torulae and a few giant cells near the center surrounded by a fibroblastic 
reaction. Mucicarmin stain. x 600. 
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Plate 31 

Fig. 5. Case I. Drawing of Fig. 4 at a higher magnification. Plasma cells and 
cells with large pale staining nuclei predominate, and numerous l3TOpho- 
cytes are present. Organisms budding, with double contours, having 
spicules, surroimded by clear zones, and with nuclear-like material are 
shown. Mucicarmin stain. x 1000. 

Fig. 6 . Case i. Drawing of an abscess in the adrenal. Details of the structure 
of the organism are shown. IMucicarmin stain. x 1000. 

Fig. 7. Case I. A budding torula in the adrenal. Mucicarmin stain, x 1000. 
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Fig. 8. Case i. There is an absence of the Purkinje and granular cell layers 
of the upper half of the folium; the lower half is almost normal. Thionin 
stain. X 60. 

Fig. 9. Case 2. Cystic cavities in the lenticular nucleus •ndth very little in- 
flammatory reaction about them contain many organisms. The black 
angular material is debris. Hematox>din and eosin stain. x 60. 




Plate 33 

Fig. 10. Case i. Superficial and deep colonies of the non-pigmented strain 
cultured from the spleen. Actual size. 

Fig. II. Case i. A tubercle-like nodule and blood vessels ivith exudate about 
them on the frontal pole. 

Fig. 12. Case i. Colonies of the pigmented strain of torula isolated from the 
lung of a guinea pig injected with cerebrospinal fluid. Actual size. 

Fig. 13. Case i. Organisms within and ivithout a giant cell in the meninges. 
Mucicarmin stain. x 600. 

Fig. 14. Case 2. Cystic cavities near the dentate nucleus of the cerebellum. 
Actual size. 

Fig. 15. Case 2. Yeast-like organisms with double contours in a cystic cavity 
in the lenticular nucleus. Hematoxylin and eosin stain. x 1000. 
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general group of hyaline degenerations of cell protoplasm. Nesti 
was led, as the result of animal experimentation, to a similar con- 
clusion, that is, the waxy change is merely an end stage of an albu- 
minoid metamorphosis, granular and hyaline changes being earlier 
stages. Beneke’s experimental work led him to the same conclu- 
sion.i^ 

The present work was undertaken to consider whether or not the 
classical waxy degeneration as described by Zenker is a true patho- 
logical entity, and to study some of the factors involved in its 
production. 

Experimental 

Healthy, half- or full-grown rabbits were used for most of the 
experiments. A few white mice were used for bacterial injections 
and two dogs for study of the effect of high body temperatures: 
Except when otherwise stated, the animals were fed an ordinary 
mixed diet. Four main t3^es of muscle injury were employed: 

Group I. Physical Injury: Ligation of the arterial blood supply, 
mechanical trauma, artificial hyperpyrexia and freezing. 

Group 2. Chemical Injury: Lactic acid injections; in vivo in- 
jections into the arterial blood supply to the muscle, intravenous 
injections, or direct injections into the muscles themselves; in 
vitro dropping of .muscle slices directly after removal from the 
body into various concentrations of lactic acid in normal saline. 
The effect of different nutritional states of the animals on the type 
of change was also studied in this group. 

Group 3. Bacterial and Parasitic Injtiry: Injection of bacterial 
filtrates, living cultures or parasitic substance intravenously, in- 
trap eritoneally or intramuscularly. 

Group 4. Pharmacological Injury: Injections of strychnine and 
insulin in fasted and normally fed animals. 

Amytal by intraperitoneal injection was used to obtain complete 
anesthesia for all operative purposes. Injections into blood vessels 
were made with hypodermic needles so that the blood flow was dis- 
turbed as little as possible during the injection. Tissues were 
stained with Harris’ hematoxylin and eosin and \vith Mallory s 
triple connective tissue stain. 

Type protocols are given below. 



STUDIES OF EXPERIMENTAL MUSCLE DEGENERATION* 

I. FACTORS IN THE PRODUCTION OF MUSCLE DEGENERATION 

D. K. Fishbace, M.S., and H. R. Fishback, M.D. 

{From the Department of.Pathology, Nortlnoestern University Medical School, Chicago, III.) 

The work under discussion deals with a type of striated muscle 
change known variously as Zenker’s degeneration, waxy degenera- 
tion, Zenker’s hyalin, Zenker’s necrosis, vitreous degeneration and 
hyaline degeneration. Zenker,^ in 1864, was the first to describe it 
thoroughly in his classical monograph, using material obtained dur- 
ing the great Dresden t3rphoid epidemic of 1859-1862. 

Zenker described the change which is found most frequently in 
the adductors of the thigh and the recti abdomini in typhoid fever 
as consisting in the “conversion of the contractile substance of the 
primitive bundle to an entirely homogeneous, colorless, strongly 
wax-like retractile mass, with complete disappearance of the cross- 
striations and destruction of the muscle nuclei, while the sarcolemma 
is retained.” He named it waxy (“wachsartige”) degeneration. 
Zenker described the gross and microscopic appearance of the fibers 
and noted the spottiness of the change, the fragility of the fibers, 
the gross ruptures with hemorrhage and the microscopic separation 
of contractile material within the sarcolemma sheath. He believed 
that this change was non-inflammatory in origin, but was due to the 
forcing in of albuminous substances from outside the fiber because 
of trophic nerve disturbances from spinal cord damage. 

Waxy degeneration of skeletal muscles was observed by Zenker 
not only in typhoid fever, but also in tetanus, cholera, scarlet fever, 
and possibly in t5q)hus fever and miliary tuberculosis. Subsequent 
observers have reported its appearance in various infections such 
as trichinosis, ® influenza and pneumonia,®"^ tetanus,®’^’® and in 
diverse conditions such as anaphylaxis, ^ in the neighborhood 
of malignancies,^® and in epilepsy.^® 

Von Recklinghausen (cited byBeneke^^) was the first to consider 
waxy degeneration not as an entity but merely as one type of the 

* Received for publication September 28, 1931. 
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jBne granules. The sarcoplasm of others seems to be alternately 
condensed and rarefied into discoid segments without, however, 
any intervening breaks in the continuity of the contractile sub- 
stance. (2) More of the fibers are swollen, with loss of cross stria- 
tions and prominence of longitudinal fibrils, which tend to separate 
from one another with a vacuolization, which in extreme cases 
gives the fiber the appearance of a network. In most of the fibers 
the sarcolemma is intact, but occasional ruptures are seen. Nu- 
merous erythrocytes are seen in the interstitial tissue. 

5. Hyperpyrexia: Examinations were made of the recti abdomini 
and diaphragmatic muscles of two dogs whose body temperature 
had been raised to 110° F for one-half hour by means of a high- 
frequency machine. The dogs became ill and died in a few hours 
after the treatment.* 

No abnormal changes of the muscles were noted grossly or micro- 
scopically. 

4. Freezing: The gastrocnemii of several rabbits were frozen 
quickly in situ with a slush of carbon dioxide snow and ethyl chlo- 
ride. 4 to 72 hours later the muscles were removed and placed in 
warm formalin. 

Grossly they were moderately swollen, and surrounded by a pink 
to yellow fibrin exudate. Microscopically there is moderate patchy 
edema. The muscle fibers show all grades of degenerative change 
from simple swelling to complete disruption, as in those injured by 
mechanical trauma, although less extensive and usually showing 
fewer of the severely injured fibers. There is marked hyperemia but 
no thrombosis of the vascular channels.’ Exudative cells are rather 
few, and the majority are mononuclear phagocytes with a smaller 
number of polymorphonuclear leucocytes. 

Group 2. Chemical Trauma 

I. In Vitro Experiment: Animal killed by sharp blow on back of 
head. Large portions of lumbar muscle were excised and cut rapidly 
into blocks about 5 mm . in thickness, which were immediately 
dropped into lactic acid solutions of various concentrations in saline 
at 37° C for varying lengths of time. The lactic acid concentrations 
varied from 0.001 per cent (o.oooiiN) to i.o per cent (o.iiN), 

* We desire to thank Dr. Bernard Mortimer for the opportunity of studying the 
muscles of these animals. 
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Gro 7 ip I. Physical Trauma 


1. Ligation Alo 7 ie: Femoral artery of one side of amytalized rab- 
bit ligated with aseptic technique. Animal killed by blow on back 
of head i8 hours later. Gastrocnemii removed at once and placed 
in lo per cent formalin at 37.5° C. 

Control muscles showed no abnormal change grossly or micro- 
scopically. Ischemic muscles showed grossly merely marked pallor. 
Microscopically there is slight change. Some fibers are moderately 
swollen, stain feebly with eosin and show scattered fine granules in 
the cytoplasm. 

2. Contusion: {a. With Ligation:) Femoral artery on one side 
tied off. Gastrocnemius on that side injured by sharp blows with 
a wooden board, and hamstring muscles on same side injured by 
pinching with heavy forceps. Animal killed by sharp blow on back 
of head from 2 to 5 hours after ligation. 

Both muscles showed grossly pallor, swelling and mottling with 
pinkish red and grayish white streaks. The tissues were very friable 
and opaque. Histologically there is considerable change, from 
swelling of the fibers with loss of cross striations to complete lumpy 
disruption of the contractile substance. A few fibers show vacuoli- 
zation of the sarcoplasm. In many of the extremely degenerated 
fibers there are breaks in the sarcolemma sheath. Normal and coin- 
pletely disrupted fibers may lie side by side. No hemorrhage is 
evident and the vessels appear to be drained of their blood. In the 
gastrocnemius of one rabbit, in which both the femoral artery an 
vein were ligated, extensive vacuolization of the fiber substance was 


observed. 

(&. With Circulation Intact:) Gastrocnemius^ and hamstring 
muscles of the other leg, with circulation intact, injure as a ove, 
and lumbar muscle bruised with wooden board. 

The muscles were dark red in color from hemorrhage w^ch 
stained the ruptured fibers and were tensely swollen and easily torn 
with handling. Microscopic examination reveals marked and ex- 
tensive damage. Muscle bundles are broken up and the fibers show 
considerable disruption. There are two main t3^es o c ange. 
(i) Some of the fibers are smooth and hyaline,^ staining darker re 
than normally with eosin, and their cross striations are ei 
tinct or absent. In some of these the cytoplasm is clouded with 
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(c) Intramuscular injection of 2 cc. of warm 2 per cent acid into 
the lumbar muscles of a lipemic animal whose femoral artery had 
also been injected. Animal sacrificed hours after lumbar injec- 
tion, and unmediately after the arterial injection. 

Lumbar muscles showed at site of injection a slight hemorrhage 
with diffuse surrounding edema. The whole area measured about 
4 cm. in diameter. The tissue was opaque, grayish white in color and 
friable. There is interstitial edema throughout the sections. Many 
fibers show swelling and loss of cross striations. Longitudinal 
fibrils are often prominent. The t5q)ical change is a vacuolization, 
small to large, with separation of fiber substance. 

Leg muscles on injected side are similar to the above-described 
muscles of non-lipemic animals. 

Group 3. Bacterial and Parasitic Trauma 

Materials; A highly virulent strain of B. mucosus capsulatus was 
obtained at autopsy from the lung of a man who had died of pneu- 
monia. The stock culture was kept on blood agar, transfers being 
made as needed to dextrose agar slants containing a small quantity 
of broth. 

The strain of Streptococcus hemolyticus used was obtained from 
the lungs of a rabbit which had died of empyema. 

The strain of Streptococcus viridans was obtained from the in- 
fected tooth of a man. 

In all instances the cultures used for injection were 24 hour 
growths in nutrient broth. 

The Ascaris lumbricoides were obtained from sheep intestines at 
the slaughter house. The worms were washed thoroughly in water, 
dried in a current of slightly warmed air, ground up finely and 
passed through a fine screen so that an impalpable powder was ob- 
tained. Injections were made of this powder suspended in physio- 
logical salt solution. 

The diphtheria toxin used had an m. l. d. of 0.004 cc. 

I. Intraperiioneal Injections Into Mice of i or 2 cc. of Living Cul- 
tures of Streptococcus hemolyticus and of B. mucosus capsulatus: All 
animals became extremely ill very shortly. The streptococcus- 
inoculated mice were killed with ether in about 10 hours, the others 
died within 4 hours. Muscles of the entire body were fixed at once 
in 10 per cent formalin. 
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and the time intervals from 30 seconds to i hour. Each of the forty- 
five specimens thus obtained was stirred in a large volume of warm 
10 per cent formalin immediately on removal from the acid. 

No gross muscle change was discernible. Microscopically the 
muscles are without change except at the ends of the fibers, which 
are swollen and knob-like and show loss of cross and longitudinal 
striations. Even in the weakest acid solutions, as well as in the 
strongest, the same changes are seen. 

2. In Vivo Experiments: (a) Warm lactic acid (2 per cent in 
saline) injected into femoral artery over a period of from 3 minutes 
to I hour in normally fed animals, into animals fasted 4 days, and 
into one animal in which a lipemia had been produced by the feed- 
ing of 130 cc. of cream by stomach tube 4 hours before the beginning 
of the injections. All animals were sacrificed immediately after, or 
within 25 minutes of cessation of injection, vessels ligated, and the 
muscles removed at once and placed in warm formalin. 

Gastrocnemii injected with 5 cc. of 2 per cent lactic acid over a 
period of 3 to 5 minutes showed no change grossly or microscopically. 

Gastrocnemii injected with from 25 to 50 cc. of 2 per cent lactic 
acid over periods ranging from 5 minutes to i hour showed occa- 
sional, irregular, zig-zag streaks of gra3dsh white crosswise in the 
somewhat edematous muscle. The tissue was pallid and translucent, 
but not more friable than normal. Histologically various types of 
muscle degeneration are seen. Some fibers are swollen, opaque and 
have a shining hyaline appearance, staining more deeply with eosin 
than normal fibers. These fibers have intact nuclei and sarcolemma 
sheaths. Other swoUeii fibers are pale staining, with indistinct cross 
striations and conspicuous longitudinal fibrils. Their sarcoplasm 
tends to be alternately rarefied and condensed, although no actual 
spaces are seen. In some fibers there is exaggeration of cross 
striations, which look as though they were set in a colorless matrix. 
Occasionally there are small areas in which the fibers appear to 
have normal morphology. 

(b) 135 cc. of warm 2 per cent acid injected into femoral vein over 
a period of i hour. Dyspnea noted during injection, especially 
during the times when the acid was actually flowing into the vein, 
and less marked during the short rest periods. 

Muscles of the legs, back and diaphragm showed no abnormal 
change. 
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(b) Ascaris Substance Injected Intramuscularly: Animal killed 
24 hours later. 

All injected muscles fixed in formalin and Zenker’s fluid. 

At the injected site in the muscles was a central yellowish gray 
area which was moist and friable. This was surrounded by a narrow, 
pinkish red zone, outside of which the muscle appeared to be un- 
changed. Affected muscles showed occasional grayish white spots 
a few millimeters in diameter. 

Microscopically the inoculated site is outlined by a zone of poly- 
morphonuclear leucocytes, outside of which the fibers are separated 
by edema fluid. There is dimming of the cross striations and mod- 
erate swelling of the fibers. Some of them show beginning disrup- 
tion of the cytoplasm into irregular masses. 

In the center of the inoculated area there is muscle destruction 
and pus cell infiltration. Bordering this central necrotic area there 
is an irregular zone in which the muscle fibers show varying degrees 
of degeneration. Many ‘fibers are swollen and most of them are 
hyaline with indistinct or absent cross and longitudinal striations. 
In many the longitudinal striations become more distinct and oc- 
casionally tend to pull apart slightly. Some take a pale eosin stain, 
while a few become plump, opaque, take a deep eosin stain and 
have a glistening appearance. In many of these fibers there is dis- 
ruption of the cytoplasm into irregular masses which separate, leav- 
ing clear spaces within the sarcolemma sheath. There is partial 
absorption of these degenerated fibers. 

An isolated mass which resembled lymphoid tissue was found in 
the adductor muscles of a hind leg of one. rabbit. It was removed 
to warm formalin. The mass measured 3 by 2 by 2 cm. and was 
attached only along its border next to the femur. It was surrounded 
by a reddish yellow zone of exudate. On section the tissue was 
pinkish gray in color, soft and succulent, and very friable. Micro- 
scopic examination reveals an isolated muscle mass surrounded 
almost entirely by a zone of young granulation tissue. The interior 
of the mass is composed of degenerated muscle fibers. These are 
swollen, entirely homogeneous and glistening in appearance, and 
take a strong eosin stain. Some of these masses show a breaking 
down into granular clumps with disruption of the sarcolemma 
sheath. The fibers are in general rather widely separated and nu- 
merous pus cells and debris are present. At one end regeneration of 
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Grossly there was marked, acute peritoneal inflammation with 
fibrinous or fibrinopurulent exudate, but no abnormal skeletal 
muscle changes were observed. 

Microscopically there is little change. The diaphragmatic and 
heart muscles show the finely granular change characteristic of 
cloudy swelling. The only other change is seen in the fibers sur- 
sounding a small abscess in the abdominal wall of one animal at the 
point where the needle entered. The altered fibers in this zone are 
completely hyalinized and glistening and take a deep eosin stain. 

2. Iiiivavenons Injections Into Rabbits of Living Cultures of Strep- 
tacoccns hcwolyticus and of Streptococcus viridans: Rabbit X3 i cc. 
Streptococcus hemolyticus into ear vein October 23, i cc. on Octo- 
ber 30. Rectal temperature at time of first injection 104.5 F; 5 
hours later 104.4°; 24 hours later 105.5°. Temperature 30 minutes 
after second injection 105.5° F. Rabbit died i| hours later. Tissues 


fixed at once in Zenker’s fluid. 

No gross changes were observed and microscopic examination 
shows only slight cloudy swelling, most marked in the heart. 

Rabbit X4. i cc. of Streptococcus viridans into ear vein Octo- 
ber 23, and 10 cc. October 30. Animal ill. 20 cc. intracardiac on 
November 7. Animal died at once. Muscles fixed in formalin and 
Zenker’s fluid. Rectal temperature at time of first injection 103.2° F; 
5 hours later 106.1°; 10 hours later 104.8°; 22 hours later 103.3 ; 
27 hours later 103.5°. Rectal temperature at time of second mjec- 

tion 104.8° F; 24 hours later 104.9° F. ^ 

Autopsy revealed hemopericardium and fibrinopurulent pericar- 
ditis with petechial subpericardial hemorrhages. No gross s e eta 


muscle changes were observed. ^ -t'i, 

The lumbar muscles show no microscopic changes. Ihe dia- 
phragmatic and leg muscles show occasional areas in w^ch e 
fibers are swoUen within the sarcolemma sheath. Cross striations 
are indistinct or absent and fine granules may be seen throughout 
many of the fibers. Here and there are groups of fifteen to forty 
muscle nuclei gathered within one sarcolemma sheath. A few mono- 
nuclear phagocytic cells are present in the interstitium. 

3. {a) Intramuscular Injections Into Rabbtts of L^v^ng Cultures of 
Streptococcus hemolyticus, Streptococcus viridans, and B mucosus 
capsulatus: Rectal temperatures showed no significant alteratio . 
Animals sacrificed in 40 to 50 hours. 
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(&) 2 mg. per Kilo Injected Into a Rabbit Which Had Been Fasted 
for 4 Days: Convulsions beginning i hour later and spastic paraly- 
sis of the hind legs. Second dose of i mg. per kilo 2 hours after the 
first resulted in a severe convulsion and death 20 minutes later. 

Sections of muscles of back, legs, and the intercostal and abdomi- 
nal muscles show no change. 

2. Insulin, jo Units, Injected in Upper Back Muscles of a Rabbit 
Which Mad Received No Food for 43 Hours: 3 hours later, after 
growing restlessness and hyperirritability, a series of mild convul- 
sions lasting for about 10 minutes. 8 more units of insulin injected 
I hour later into upper back muscles of other side. 2 hours later 
strong convulsions, legs spastic. Convulsions at intervals. Animal 
growing weaker and less responsive. Kill ed by blow on back of head 
7 hours after first injection. 

No significant alterations observed in muscles of the legs, dia- 
phragm, abdomen or the intercostals. 

Discussion 

As might have been expected, the early gross evidences of muscu- 
lar traiuna caused by pinching and striking of the muscle with 
intact circulation are swelling and hemorrhage. The friability re- 
sults partly from the traumatic separation of fibers, as weU as from 
the degeneration which occurs. Microscopically this degeneration 
is foimd to comprise various types of fiber damage. The beginning 
change is simple swelKng with loss of cross striations and fading of 
the eosin-staining property. In many of these fibers the longitudi- 
nal fibrils stand out distinctly. In such fibers the further progress 
of degeneration is marked most characteristically by vacuolization. 
When this change is extreme the swollen fiber appears to be made 
up of a fihny network of bubbles. According to Wagener^® this 
vacuolar change is a purely degenerative process which results in 
complete destruction of the fiber. Other fibers, usually scattered 
singly here and there among intact fibers or among fibers showing 
other types of injury, are strikingly marked out by their bright red 
color, opaque appearance and completely hyaline structure. They 
have a shiny look. Rarely the swollen fibers have the appearance 
of cloudy swelling, with their cross striations partially or completely 
obscured by the appearance of small glistening granules which 
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muscle is seen, with myriads of young muscle sprouts present. A 
regional lymph node shows marked diffuse lymphoid hyperplasia. 

4. Diphtheria Toxin Injections: 2 cc. of undiluted toxin intra- 
muscularly; 30 cc. of toxin diluted 1:3 with saline intra-arterially 
with circulation intact; and perfusion of the leg muscles with 1:3 
toxin; aU within i hour. Animals sacrificed at once and muscle 
fixed in formalin. 

There is hemorrhage and edema in the directly injected muscles. 
The others show only pallor. 

Microscopically the directly injected muscles show moderate 
edema of interstitial tissues with moderate swelling of fibers, in- 
distinct cross striations and prominent longitudinal fibrils. Nuclei 
and sarcolemma sheaths are intact. The perfused muscles show no 
abnormal change. 

Group 4. Pharmacological Trauma 

I. Strychnine, by Subcutamous Injection: (a) 4 mg. per Kilo Into 
a Normally Fed Rabbit: Gave hyperirritabUity, rigidity, prostration, 
with muscle twitchings and convulsions beginning in 3 minutes, 
and death 15 minutes after injection. Muscles of legs, back, neck 
and diaphragm removed at once and placed in formalin. 

Grossly there was no abnormal change, but microscopic examina- 
tion revealed some muscle damage. In the diaphragm occasional 
fibers show granular degeneration of the cytoplasm and loss of 
cross striations. Some of these show further degeneration into 
broken granular masses inside the sarcolemma sheaths. Many 
muscle nuclei are seen, often irregularly distributed throughout the 
granular mass and surrounded by small cytoplasmic rims. Occa- 
sionally these degenerated fibers are completely fragmented and in 
one place where a few such fibers are broken across there is a small 
effusion of blood mmgled with muscle fiber fragments and numerous 
muscle cell nuclei. 

Sections of the leg and back muscles show swelling of the fibers 
at their points of attachment to the fascia, where there is loss of 
cross striation with prominence of longitudinal fibrils and separa- 
tion of the longitudinal fibrils from each other. Some fibers show 
a diffuse opacity, due to clouding with fine granules. The sar- 
colemma sheath is intact. The remainder of the fibers have normal 
morphology. 
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gross or microscopic evidence of injury. The rabbits which were 
checked for body temperature following bacterial injections showed 
no connection between temperature observed and muscle degenera- 
tion resulting. As to the effect of temperatures considerably above 
those developed by the animal body, Volkmann ^ made observa- 
tions on muscle degeneration caused by burning, cauterizing, and 
injecting hot water, and found not waxy degeneration but complete 
necrosis of the affected muscle, with healing by scar formation. 

In addition to the actual physical damage of the traumatized 
muscle there is set up in the injured area an alteration of metabolism 
which may lead to accumulation of damaging products. It is logical 
to assume that one product accumulating rapidly in such a situation 
is lactic acid. In 1909 WeUs first advanced the theory that waxy 
degeneration of skeletal muscles is caused by this collection of lactic 
acid in the muscle. He found a striking homogeneity of the swollen 
fibers resembling that of Zenker’s degeneration, when he placed 
muscle tissue into solutions of lactic acid in saline. Even as dilute 
a solution as i:64N lactic acid gave, in an hour or two at 37° C, 
distinct swelling of the ends of the fibers, loss of transverse and 
obscuration of Ibngitudinal striations. Since sodium lactate did 
not produce this change and hydrochloric acid did, Wells concluded 
that it was the hydrogen ion which was the important factor. Wells 
gives the figures of Fletcher and Hopkins which show that enough 
lactic acid to produce the change can accumulate in living muscle. 
Although their methods have since been shown to yield too high 
figures, more recent workers have obtained even higher values 
for rat muscles exercised to complete fatigue. 

In our experiments with lactic acid m vitro no muscle change was 
observed. The cut ends of the fibers were knob-like and hyalinized 
in specimens at all the lactic acid concentrations studied, but since 
similar changes were observed in the controls which were placed in 
saline solution, this change was interpreted as being due to rupture 
of the fiber sheath in cutting the sections, as reported by Thoma in 
1909. 

Quite different results are seen in the living animal injected with 
lactic acid, either into the blood supply of a part of the body or 
directly into the muscle. The most extensive changes are noted 
on the direct injection of the injurious agent into the muscle. No 
detectable differences are observed in muscles of the animal with 
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sometimes have a slightly yellowish tinge. This granular appear- 
ance may, according to Nesti,^^ presage the final conversion of the 
fiber into the waxy form of degeneration. 

In all of these described forms of degeneration the sarcolemma 
sheath may be intact, with the contained muscle nuclei uninjured. 
Many sheaths, however, have been ruptured from the force of the 
trauma, and in these the muscle nuclei may be found escaped in 
the outpoured cytoplasmic mass in varying stages of degeneration, 
or at times completely degenerated. 

As to the imderl3dng factors leading to muscle degeneration in 
this type of trauma, the actual traumatic agent must be considered 
first. It might be expected that trauma to the muscles would be 
more effective if their circulation were impaired, since this would 
facilitate accumulation of toxic metabolic products. In the muscles 
injured by st rikin g and pinching after ligation of the arterial blood 
supply extensive degeneration of the fibers is evident. According 
to Thoma^^ this decreased resistance of fibers is due to lack of 
nourishment, the combination of decreased food and mechanical 
injury producing the degeneration which, according to him, either 
injury alone fails to effect. In our experiments, however, about as 
much damage was observed with intact circulation as in the ligated 
muscles. Also, since degeneration does occur without hemorrhage, 
the factor of blood effusion cannot be considered a basic factor in 
the causation of the degenerative change. 

The damage produced by ligation alone is of slight extent and 
compares with the change seen in parenchymatous organs with 
cloudy swelling. This lack of significant change with simple ische- 
mia is affirmed by Thoma and WeUs.^® Contrary opinions, on the 
other hand, are expressed by Volkmann ’^and Siegmund.^” Voelcker 
(cited by Krogius 2^) was the author of a theory that the basic cause 
of congenital torticollis is pressure of the shoulder of the infant 
in utero upon the upper end of the sternocleidomastoid muscle where 
the artery enters, with resultant ischemic degeneration of that 
muscle. 

The effect of increased body temperature on the incidence of 
muscle degeneration has been considered by Fahraeus (cited by 
Stenstrdm®), and Ghedini and Fedeli (cited by Wells ^), who are 
agreed that the muscle is imaffected by fever. In our dogs with an 
extremely high body temperature the muscles studied showed no 
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added to the injurious effect of the bacteria. The extent of the 
muscle injury which can result from such a combination of factors 
is shown in one rabbit, in an isolated muscle mass resulting from a 
spontaneous infection. Here the muscle degeneration was extreme. 
A similar type of muscle mass was foimd by Loeper and Lemaire 
in the cervical region of a man. 

Closely related to the type of injury produced by direct bacterial 
injections is that resulting from injection of ascaris substance into 
the muscle. The injury with this agent may have resulted directly 
from the parasitic toxins.^^’ 

Sudden violent contraction of muscle was shown to give varying 
results as regards degenerative changes. In the normally fed rabbit 
administration of strychnine resulted in definite granular degenera- 
tion of muscle fibers and even rupture, with slight hemorrhage. 
In contradistinction, in fasting animals injected with strychnine 
and with insulin, although the convulsions were just as violent the 
muscles appeared unchanged. Zenker had already noted that waxy 
degeneration often did not occur in those muscles most involved 
in tetanic contractions, while appearing extensively in other muscle 
groups. Our findings corroborate this observation and support the 
view that violent muscle contraction per se does not constantly 
produce this change. Borst ® believed that it was rupture of fibers 
from forced contractions that led to their degeneration, while ac- 
cording to Stemmier rupture occurs only in those fibers which 
have been previously injured, as, in his experiments, by tetanus 
toxin. 


Conclusions 

The types of muscle injury resulting from different injurious 
agents used varied from the slightest clouding of the cytoplasm to 
complete necrosis of the fiber substance. The earliest change is that 
which was described as being similar to cloudy swelling in parenchy- 
matous organs. By this analogy we may presume further tliat such 
fibers might recover from their damaged state without either re- 
generative or other reparative process. A favorable ending might 
be anticipated also for the milder forms of true granular degenera- 
tion (Virchow ^ and Zenker whether this is of the albuminous or 
fatty t)Tpe. With greater fatty change, however, according to 
Zenker, the cell is irreparably damaged. The albuminous and 
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an artificial lipemia. The lipemia was created before the injection 
of the acid to determine whether a difference in the amount of 
available fat in the circulation might influence the extent of muscle 
degeneration, since Rumpf and Schumm (cited by Wells found 
an increase of fat amounting to about fifteen times the normal 
amount, in muscles showing “reaction of degeneration.” 

As vdth lactic acid, so with bacterial cultures, direct injection 
into the muscle causes marked degeneration. It is indicated that 
the effect is obtained largely by the direct action of the bacteria or 
their products upon the muscle fibers, for when much larger amounts 
of the same cultures are injected intravenously little or no degenera- 
tive muscle change is evident. The same negative results are found 
with acute infection of the peritoneum by virulent organisms. Since 
the peritoneum offers a relatively huge surface from which absorp- 
tion is rapid, and since septicemia is a probable accompaniment of 
the peritonitis, toxins must have been present in the circulation in 
large amounts in these cases without, however, causing serious 
muscle damage. 

Our findings, therefore, confirm the opinion of Beneke and Stein- 
schneider “ that the muscle damage is produced by direct injury to 
the contractile substance. These workers investigated the effect of 
direct bacterial injury to the muscle. Thoma, however, ascribed 
to bacteria an indirect role — that of disturbing the nutrition of 
the muscle and so rendering it susceptible to physical trauma. Mac- 
CaUum believed that the living bacteria which he found in degen- 
erated muscle areas were secondary invaders after primary toxic 
injury. 

Diphtheria toxin injected in large amounts, with or without active 
circulation, gave no change. Direct injection of toxin into the muscle 
produced only interstitial edema, which may be attributed to the 
volume of fluid injected. 

Anaphylaxis has been suggested as a cause of waxy degeneration 
of muscle by Beneke and Steinschneider in 1912, and by Wells in 
the same year. In one of our rabbits (X4) anaphylaxis must be 
considered the probable cause of death, and in this animal slight 
degenerative changes were found in the muscles of the legs and 
diaphragm. 

It is probable that in local infections of muscle the disturbances 
of circulation from stasis and from thrombosis of blood vessels is 
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factor, perhaps of enzyme nature, is active in the degenerative 
transformation of muscle fibers which are already injured by some 
non-specific agent. 

It is evident from the study of these experimental muscle lesions 
that there is a series of degenerative changes as described above. 
The stage of hyaline, or so-called waxy, degeneration is but one 
phase of a progressive process. There is no more reason to use the 
name descriptive of one stage than of any other stage in naming 
the entire process. 

Since the degeneration is often widespread and affects the con- 
tractile units of the muscle, we would suggest the name “acute 
molecular degeneration of striated muscle” as being more definitive 
and descriptive of the entire process. 

Summary 

1. Degeneration of skeletal muscle has been produced by differ- 
ent types of tramna. 

2. The types of trauma used were physical, chemical, bacterial 
and parasitic, and pharmacological. 

3. The stages of muscle degeneration produced were: 

(a) Slight granular clouding with swelling, and dimming of cross 
striations. 

(b) Edema of fibers with prominent longitudinal fibrils. 

(c) Vacuolization. 

(d) True granular degeneration {a) albuminous or {h) fatty. 

(e) Waxy degeneration, with further (a) lumpy disruption, or 
(&) granular disruption. 

4. The name “acute molecular degeneration of striated muscle” 
is suggested as a better descriptive and more inclusive term than 
“waxy degeneration.” 
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simple hyaline forms of degeneration progress further, according 
to Nesti,^® into the waxy form. This waxy form is generally agreed 
to be completely homogeneous and of altered protein composition. 
The presence of fat in this waxy material has not been definitely 
established although, according to Forbus,®° fat sometimes ap- 
pears in the vacuoles resulting from the dissolution of waxy material. 

Further degeneration of the waxy fiber is marked by its disrup- 
tion into irregular masses separated by clear spaces (Zenker’s 
“SchoUige Zerkliiftung”) or by its breaking up into coarse granular 
particles. 

Another form of degenerative change is seen in the edema of the 
muscle fiber accompanied by dimming of cross striations and marked 
prominence of longitudinal fibrils, which results from mechanical 
and chemical trauma. This degenerates further with the formation 
of vacuoles which increase in size imtil they occupy practically the 
whole space of the fiber, giving it the appearance of a network. 

Muscle nuclei are present in most of the fibers which are injured 
by mechanical traiuna, but tend in general to be absent in those 
fibers injured by chemical and bacterial means. 

Severe mechanical trauma frequently causes rupture of the sarco- 
lemma, although marked degeneration is frequently seen in fibers 
with intact sarcolemma sheath. In other types of injury the sar- 
colemma sheath generally remains intact until extensive destruc- 
tion of fiber occurs, although it is often imbroken, even with almost 
complete disappearance of the contained protoplasm. 

In all the types of trauma studied, fibers with normal staining 
reactions and with intact striations are seen l3dng next to fibers 
which show vaiying degrees of degeneration. 

It seems questionable that the noxa alone is the direct cause of 
the degenerative muscle changes. Since so many widely varied 
agents may produce similar pictures, it is likely that the trauma 
sets in action some principle already present or called into being in 
the muscle itself. This may be the altered reaction of the muscle, 
due to lactic acid accumulation, although the highest value of lactic 
acid foimd in a series of injured muscles was only 103 mg, per cent.®^ 
This is no higher than may be found in muscle fatigue from which 
recovery is prompt, or within six minutes postmortem,®® which is 
less time than elapses before the average normal muscle specimen 
is fixed for histological examination. It is likely that some other 
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Plate 34 

Fig. I. Vacuolar change of musde fibers, x 325. 

Fig. 2. Waxy change, x 325. 

Fig. 3. Lumpy disruption of degenerated fibers, x 150. 

Fig. 4. Profoundly traumatized area of muscle, with marked edema and 
ruptured fibers showing various types of degenerative change, x iSO- 
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It also seemed worth while to report morphological studies of the 
injured muscles during the repair so that a more complete picture 
might be had of this standard muscle injury. 

Gross Appearance of Injured Muscle 

At 4 hours after injury the muscle is swollen to about double its 
ordinary size. There is edema of the subcutaneous tissues and of 
the injured muscles. The color is shghtly cyanotic, as from blood 
stasis. Here and there are small, irregular, transverse, opaque, 
grayish white bars dotted in the muscle tissue. The muscle sub- 
stance is somewhat more friable than normal. 

Within I to 3 days the muscle loses its bluish red color and has 
a distinct sahnon color, with contained areas of opaque grayish 
white tint. These areas are quite large, usually making up the 
greater part of the muscle, are irregular in shape and shade off at 
the margins into the more normal appearing muscle structure. The 
cut surface is not moist and glistening as in normal muscle, but ap- 
pears duU or opaque and somewhat dry. The tissue is firm and 
quite friable. 

The 5 to lo day periods show an increasing tendency to easy 
bleeding of minute vessels in the area immediately surrounding the 
muscle, associated with apparent organization of a fibrinous exudate 
between the muscle and its fascia. The muscle size is decreased 
somewhat from the early stage of acute swelling. On section at lo 
days there are small scattered areas of glistening moist tissue with 
the pinkish red color of normal muscle. The degenerated areas of 
opaque, grajdsh white, friable tissue show at this time a narrow, 
bright red to yellow-red marginal zone. 

With longer periods of repair the muscle gradually diminishes in 
size but is still larger and more tense than normal at 28 days. The 
exudate between the muscle and fascia becomes firmly organized 
by 16 days. The proportion of more normal appearing muscle be- 
comes much greater with disappearance of the degenerated areas, 
which have not entirely disappeared, however, by the end of the 
observation period. At their margins there is an advancing zone 
w'hich fades from red to reddish gray in the late period. This zone 
is somewhat translucent and resists tearing. The amount of such 
new-forming connective tissue is never large proportionately, even 
in the latest period. 



STUDIES OF EXPERIMENTAL MUSCLE DEGENERATION* 

n. STANDARD METHOD OF CAUSATION OF DEGENERATION, 

AND REPAIR OF THE INJURED MUSCLE 

D. K. Fishback, M.S., and H. R. Fishback, M.D. 

{From the De-partment of Pathology, Nortlnoestern University Medical School, Chicago, III.) 

In a previous paper ^ we have called attention to the experimental 
production of striated muscle degeneration in which hyaline changes 
of the muscle fibers constitute one stage of a progressive degenera- 
tive process. We have suggested the name “acute molecular degen- 
eration” for this form of muscle change. This change was shown to 
be produced by a wide variety of tramnatic agents. There is con- 
siderable difference among such agents, however, as to the extent 
and severity of the muscle lesions. They differ especially in ease 
of control of the experimental lesions produced. 

After many trials with various methods one was finally found 
which met our requirements. The method of injury consisted in 
contusing the muscle while the animal (rabbit) was under light ether 
anesthesia. With the leg extended on a well padded wooden block 
the gastrocnemius muscle was struck a number of scattered fight 
blows with a fight, rubber-covered iron rod. After examining several 
muscles injured by this means, the operator could estimate fairly 
accurately at the time of injury the grade of muscle damage caused. 

The use of this method was of advantage for several reasons. As 
stated, the amount of damage to the muscle was controllable. The 
animal was left in good general condition, so that the injured muscle 
might be studied at any stage of its progress. The skin was un- 
broken, with danger of infection thus m ini m ized. No toxic or 
chemical agent was introduced which might interfere with subse- 
quent chemical study of metabolic processes in the injured muscle. 

With this standard method of causing a characteristic and repro- 
ducible degeneration of muscle a series of chemical studies was 
undertaken in the acute stage and during the progress of repair.^ 

* Received for publication September 28, 1931. 
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hain, Korotneff , Stemmier, Morpurgo, and Schiitz (cited by Craciun 
associated them with physiological repair. 

Within 24 hours after injury there is added to the previous pic- 
ture a moderate diffuse infiltration by pol3Tnorphonuclear leuco- 
C3d:es and lymphocytes. The muscle fibers show extensive loss of 
cross striations and hyalinization of the cytoplasm. There is con- 
siderable proliferation of sarcolemma nuclei at the points where the 
sheath is ruptured, and some very early growth of muscle cells. 
In some places where there is marked damage to the sheath these 
proliferating muscle cells are turned directly at right angles to the 
fiber axis. Thoma"* found muscle fiber proliferation in mechanically 
injured frog tongue muscle within 60 hours after injury. 

At 48 to 72 hours after injury there is evident an increasing de- 
gree of damage. There is marked hyalinization of muscle fibers 
with disappearance of most of the muscle nuclei. Some hyaline 
fibers are already breaking up into lumpy masses or into disc-like 
segments. Accompanjdng the diminishing edema there are fewer 
fibers showing wide separation of longitudinal fibrils with vacuoli- 
zation. Leucocytes at 72 hours are very few, and phagocytic cells 
containing debris are beginning to appear. Occasional normal 
fibers are seen l3dng next to badly degenerated fibers at all stages of 
the muscle injury. 

It appears strange that evidence of regeneration should be less 
conspicuous at 72 hours than at 24 hours after injury. Study of the 
earlier sections, however, leads to the conclusion that proliferation 
is started by the muscle nuclei set free by the breaking up of severely 
traiunatized fibers. This proliferation seems to proceed no farther 
than the sending out of delicate fibrils by individual cells, which are 
then involved in the progressively deepening muscle degeneration. 
It seems likely that this first attempt at repair, then, is only a pri- 
mary response to tramna by nuclei which are too badly damaged to 
carry on. 

At the end of 5 days there are stiff many large islands of hyalin- 
ized fibers within which there is practically no cell infiltration or 
proliferation. In addition to segmentation and clumping of the 
cytoplasm in these fibers there now appear in some of them irregu- 
lar spaces with frayed margins, giving them a moth-eaten appear- 
ance. Marked early muscle cell proliferation occurs around the 
margins of such patches of fiber degeneration. There are numerous 
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Microscopic Appearance or Injured Muscle 

Within 4 hours after injury there is considerable interstitial edema 
with some fibrin in the edema fluid. The blood vessels show mod- 
erate dilatation, but no thrombosis is evident. A few extravasated 
erythrocytes are found here and there, but remarkably few for the 
severity of the injury. In earlier experiments, in which an unpadded 
wooden board was used in the production of the injury, considerable 
hemorrhage was occasionally found. The muscle fibers are exten- 
sively damaged. Many are ruptured transversely, some completely 
through the sarcolemma sheath, others only through the myo- 
fibrils, with intact sheath. Complete rupture of the fiber results 
in a clubbed appearance of the fragments, due to retraction of the 
sarcolemma and extrusion of sarcoplasm. This knobbed end is of 
smooth hyaline form. Muscle nuclei in these fibers are usually 
retracted into the fiber and grouped together. 

Various early degenerative changes are found. Some few fibers 
have lost their cross striations, which are, however, retained in other 
fibers. Longitudinal fibrils are emphasized and a few small vacuoles 
are seen. The nuclei of the muscle fibers and sarcolemma sheaths 
appear to be unchanged. The staining reaction of the tissue shows 
but little alteration, the fibers with swelling and lost cross striations 
staining somewhat paler than normal. 

Separation of fibers by edema brings into prominence occasional 
scattered muscle fiber sprouts in some of the sections. These are 
very small new fibers with pointed tips, many nuclei, and no cross 
striations. Nauwerck (cited by Craciun®) found marked nuclear 
division beginning 4 to 6 hours after experimental muscle injury, 
and interpreted it as the first evidence of repair of that injury. In 
the present study we interpret the nuclear prohferation seen at this 
very early stage as evidence of repair, not of the damage due to the 
experimental procedure, but of muscle fiber degeneration sustained 
during the ordinary activities of the animal. There are very few 
such proliferating fibers seen in all the sections studied, so that the 
nuclear growth is not marked enough or widespread enough to be 
due to the experimental damage to the muscle. Other workers have 
also considered similar nuclear groupings as part of a non-patho- 
logical process, since they were seen in normal animals. Heiden- 
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with many nuclei, some of the fibers showing early degenerative 
changes. The majority of persistent new fibers are formed in 
groups, and these are larger and more normal in appearance than 
those seen during the earlier periods of study. 

Summary 

1. In acute molecular degeneration of striated muscle in rabbits 
the development of muscle fiber degeneration is a progressive process 
including edema, fibrillar separation, vacuolization, hyaline change, 
lumpy disruption, granular change and finally, complete dissolu- 
tion of the muscle cytoplasm. This is associated with some cell 
exudation, with a high degree of phagocytic activity, and finally 
with repair. 

2. The course of repair is toward regeneration. The complete- 
ness of tids process appears to depend upon the destructiveness of 
the lesion, and not upon the extent or severity of muscle fiber de- 
generation, If the sarcolemma destruction is not too severe and 
the stroma remains, these, with surviving muscle nuclei, form the 
integral factors for muscle restoration. With diffuse tissue de- 
struction scarring results. 
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irregular single cells with fibrillar extensions, and syncytial sprouts 
with multiple nuclei. Some of these latter appear within old sar- 
colemma sheaths. Fibroplastic proliferation is likewise beginning. 
Nmnerous phagocytes are present, some invading the degenerated 
fibers where they are at times arranged around the inside of the 
sarcolemma sheath, entirely surrounding a central core of degener- 
ated cytoplasm. Such cytoplasm tends to show basophilic staining. 
There are a moderate munber of l3anphoc3d;es in the interstitium. 
The various t3rpes of cells appearing in muscle regeneration were 
studied by Forbus ® with the use of vital staining, which aided in 
proving origin but apparently did not by itself identify the cells 
better than morphological characteristics. 

After 8 to lo days the types of cells present are unchanged. 
There is considerable more breaking up of the hyaline fibers, with 
granular degeneration of the lumpy masses. In the areas of regener- 
ation there is considerable basophilic staining of the degenerated 
fibers. Reparative effort is prominent, with clmnps of new-growing 
muscle fibers up to i mm. or more in length. In the larger of these, 
longitudinal fibrils appear. Sarcolemma nuclei show proliferation. 
Occasional empty sheaths are found which, when partially collapsed, 
show striking resemblance to small capillary buds. A very few 
capillary buds are present, in contrast to the rich number seen in 
ordinary granulation tissue. 

The 12 day period shows larger masses of more mature muscle 
fibers, in which definite cross striation appears. There is a gradual 
diminution in size of the areas of degenerated fibers in this and in 
each of the succeeding periods. At i6 days a cross-section demon- 
strates the new fibers in an area of repair, arranged in bundles with 
endomysial bands between them, forming a very faithful reproduc- 
tion of the normal muscle picture. 

In the 1 8 and 21 day periods a few areas of almost normal sized 
new fibers are found. An occasional young fiber is seen with all the 
nuclei of both the muscle and sarcolemma arranged at the borders 
and projecting like beads stuck on the surface of the fiber. It seems 
most likely that this is a fixation phenomenon. 

Even at 25 to 28 days small numbers of hyaline degenerating 
fibers are seen. Scattered areas of newly formed, loose, fibroblastic 
structure are present in which are seen a few lymphocytes, phago- 
cytes and single muscle ceUs. There are also isolated muscle fibers 
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Plate 35 

Fig. 1. 4 hours after trauma. Interstitial edema. Rupture of some fibers. 
Swelling, loss of cross striation and appearance of longitudunal fibrils in 
many of the fibers, x 170. 

Fig. 2. 48 hour stage. Waxy change of fibers. X32S. 

Fig. 3. s day stage. Proliferation of fibroblasts, sarcolemma and muscle cells. 
Early attack of phagocytes on degenerated muscle fibers, x ipo- 

Fig. 4. 8 day stage. Lumpy disruption and phagocytosis of degenerated fibers. 
Growth of young muscle sprouts, x 190. 
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Plate 36 

Fig. 5. 10 da}’’ stage. New-growing muscle cells connecting old degenerated 
masses wthin the sarcolerama sheath. Spindle forms and vacuolated 
fibers. X 190. 

Fig. 6. 12 day stage. New-growing fibers with cross striations appearing. 
X 600. 

Fig. 7. 28 day stage. Regenerated area with fairly normal muscle fiber ar- 
rangement. Some excess of interstitium. x 37-2. 
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circulation might furnish an analogy to that of colloidal substances 
normally present in the blood plasma. Moreover, such studies might 
demonstrate local variations in the permeability of the intima of the 
arteries to account for the localization of fatty changes in accordance 
with the imbibition theory. 

The first systematic investigation into the ability of colloidal dyes 
to penetrate the walls of arteries was made by Petroff ® in 1922. He 
was able to demonstrate staining of the walls of both veins and 
arteries in the frog’s mesentery after intravenous or subcutaneous 
injection of trypan blue or lithium carmine solutions. The staining, 
however, was always diffuse. In rats and rabbits, after intravenous 
or subcutaneous injection of either of these dyes, he observed similar 
staining of the fine mesenteric arteries and veins. In their aortas he 
found, in short experiments, marked staining of the elastic lamellae 
in the inner and outer layers of the media, while the elastic fibres in 
the intermediate portion remained unstained. In longer experi- 
ments, in rats, the staining in the outer layers of the media was al- 
ways somewhat deeper than that in the inner part. He also observed 
that application of sodium chloride crystals or weak solutions of 
hydrochloric acid or silver nitrate to the arteries brought about 
much deeper and more rapid staining of their treated portions after 
intravenous injection of trypan blue solution. 

Okimeff," a few years later, carried out experiments on dogs, cats, 
rabbits, guinea pigs, white rats and white mice, using solutions of 
trypan blue which were introduced by various routes (intravenously, 
subcutaneously, intraperitoneally) into the stomach and into intes- 
tinal loops. The last two methods of injection were not successful in 
most of the animals, in that the stain was not absorbed in sufficient 
quantities to produce visible staining of the aorta. The results from 
the other three methods of introduction of the dye were very similar 
to one another but varied considerably in the various animals used. 
In rabbits, guinea pigs, white rats and white mice, the staining of the 
aorta was always diffuse. However, in two rabbits and three guinea 
pigs, small blue patches of rounded outline were observed in the arch 
of the aorta and usually in its first part. A great similarity existed 
between the staining of the aortas of dogs and cats. This staining 
was described as being always fleck-like, although these flecks often 
coalesced to form larger patches of deep staining. The author called 
particular attention to the similarity between the distribution of 



WTAL ST/VINING OF THE RABBIT’S AORTA IN THE 
STUDY OF ARTERIOSCLEROSIS * 

G. Lyman Duff, M.D. 

CHORGn DROWN UEMORUt TCOJOVf, DNn'ERSITy OF TORONTO, 11)31. 

(From the Department of Patkology and Bacteriology, University 
of Toronto, Toronto, Canada) 

With the development of the imbibition or infiltration theory of 
arteriosclerosis (Ribbert,^ Aschoff,"' ® Anitschkow^* ®), a new signifi- 
cance has been attached by some investigators to the behaviour of 
colloidal dyes introduced into the circulation. The relative ease with 
which the movements of dyes can be traced in the animal body offers 
particular advantages in the study of colloidal materials in the blood 
plasma, the properties of which are of special importance in relation 
to tlie imbibition theory. 

The imbibition theory of “atherosclerosis” depends upon the 
assumption that fluids may penetrate the intimal surface of the 
arteries from the lumen. The existence of such an inflow, at least of 
true solutions, is generally admitted and is looked upon as the nor- 
mal mode of nutrition of the intima and inner layers of the media. 
The theory further requires that lipoid materials in colloidal state, 
having penetrated the intima, may be deposited there under certain 
conditions, chief among which are a peculiar swelling and loosenmg 
of the intima and a sufficient concentration of lipoids, especially of 
cholesterin esters, in the plasma (Aschoff). The fatty substances are 
spoken of as being “pressed” into the intima. The experimental 
production of fatty deposits in the arteries of rabbits fed on high 
lipoid diets for long periods has been adduced as evidence in favour 
q£ theory. However, in the aortas of both humans and experi- 
mental animals, the fatty changes are localized to certain distinct 
areas which are more or less characteristic for each. Various causes 
have been assigned for the localization of these deposits and re- 
cently the problem has been attacked through experimental studies 
on the penetration of various colloidal dyes into the walls of arteries. 

It was hoped that the behaviour of such dyes introduced into the 

* Received for publication November s, 1931* 
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inate artery for short periods, separated by intervals in which the 
clamp was released. In some of the experiments injections of adre- 
nalin and electrical stimulation of the central end of the cut sciatic 
nerve were also used to increase the blood pressure. He found that 
the aortas were more deeply stained in those animals in which the 
blood pressure had been raised, than in control animals in which the 
same dissection had been carried out but in which the innominate 
artery had not been clamped. He concluded that an increase of 
blood pressure could produce a much more pronounced imbibition 
by the intimal surface of the aorta, not only of dye but also of other 
colloidal constituents of the plasma. 

It appeared to the author that the broad conclusions drawn from 
the experiments quoted above were in many respects poorly 
grounded in the experimental evidence. It was felt that further in- 
vestigation into the question might serve to clarify the situation and 
possibly provide an adequate explanation for the phenomena ob- 
served in vital staining of the arteries. With this object in view, the 
following experiments were imdertaken. 

Experiments 

In this series of experiments only intravenous injection of dye was 
employed. It was felt that the method of Glasunow was too artifi- 
cial to be entirely free from objection, while in the experiments of 
Okuneff no advantage appeared to be gained by intraperitoneal or 
subcutaneous injection and the dye was not absorbed at all through 
the normal mucosa of stomach or intestine. Rabbits were used ex- 
clusively since, in their arteries, the experimental production of lo- 
calized fatty deposits is easily accomplished and therefore possible 
peculiarities in the lining membrane of their aortas should be easily 
demonstrated. Accordingly, rabbits were injected intravenously 
with varying quantities of a i per cent solution of tr3q)an blue in 
Ringer-Locke solution, each animal receiving a single injection. In 
one case a o.i per cent solution of the dye was used. The animalswere 
killed at the end of from one hour to one hundred and one hours. The 
aortas were immediately removed and opened, and the character of 
the staining in their walls and in other tissues recorded at once. 
Where the staining of the aorta was irregular the distribution and 
intensity of the colouring as seen on the intimal surface was recorded 
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these deep staining areas in dogs and cats and that of the fatty de- 
posits in the aortas of rabbits and in humans. After speaking of this 
similarity and the probability that common factors were responsible 
for tlie typical localization in both cases, he stated: “Nun erweist es 
sich aus meinen Versuchen, dass auch fiir eine andere Substanz kol- 
loidaler Natur die gleiche Art des Eindringens in die Aortenwand 
anzunelmien ist. Die typischen Stellen der Lipoidablagerung in der 
Aortenwand sind in diesem Fall als Stellen zu betrachten, wo der 
Durclitrankungsstrom derBIutlymphe am starksten ausgepragt ist.” 

In expeririients upon rats, guinea pigs and rabbits, Glasunow® 
used a somewhat different method. The animal was anaesthetized, 
the thoracic and abdominal cavities were rapidly opened and a 
cannula inserted through the left ventricle into the ascending aorta: 
another cannula was fixed in the vessel just above its bifurcation. 
The aorta was tlien perfused with a warmed and oxygenated solu- 
tion of tr3TDan blue in Ringer-Locke solution for periods varying 
from five minutes to one hour. In the thoracic aorta a fleck-like dis- 
tribution of the dye was found. The flecks in the longer experiments 
coalesced to form dark staining patches, but the colouring was al- 
ways deepest immediately beneath the mouths of the intercostal 
arteries, forming crescentic patches which were later joined by lon- 
gitudinal lines on either side. In the abdominal aorta the staining 
was more diffuse, but a similar picture was seen about the mouths of 
the branching vessels. It was found also that short cauterization of 
the external wall of the aorta or crushing with a clamp resulted in 
deeper staining in the injured area. Glasunow concluded that the 
deeply staining areas which he noted corresponded to areas in which 
the permeability of the intimal surface was greater than elsewhere. 
It should be pointed out, however, that his method of investigation 
is open to certain objections. Not only might the normal permea- 
bility of the lining membrane of the aorta have been altered imder 
the artificial conditions of the experiments, but also the properties of 
the dye in association with a simple saline solution might have been 
very different from those which it would possess in such a complex 
colloidal system as the blood plasma. 

Quite recently, Hackel^ has carried out experiments upon rabbits 
injected intravenously with trypan blue solution. His experiments 
lasted from thirteen to fifty minutes and during this time he pro- 
duced an intermittent rise in blood pressure by clamping the innom- 



224 


DUFF 


with blue before staining became prominent on the intimal surface 
of the aorta. In the kidney the staining was considerably deeper in 
the cortex than in the medulla. 

In the aorta blue colouring was first seen in the sinuses of Val- 
salva, forming a distinct ring around the circumference of the vessel. 
Staining was also well marked along the borders of attachment of 
the aortic valves. The valve leaflets were, however, only slightly 
tinged. The pulmonary valve ring was similarly stained. This stain- 
ing in both the aorta and pulmonary artery, in the early stages, 
stopped quite abruptly at the upper margins of the sinuses, while the 
intimal surfaces of both arteries showed practically no colour. In 
the longer experiments, where the whole intimal surface of the aorta 
appeared blue, the aortic valve ring was always prominent by reason 
of its deeper staining. 

The earliest distinguishable colour on the intimal surface of the 
aorta was always uniformly distributed throughout its whole ex- 
tent. At this stage it was very obvious that the colour on the adven- 
titial surface of the aorta was distinctly deeper than that on the in- 
timal surface. This difference in the intensity of staining of the two 
surfaces of the aorta was apparent in all the specimens, but in the 
longer experiments the difference was not so great. 

In the longer experiments lasting sixteen hours or more, the inten- 
sity of staining of the aorta as seen from the intimal surface was def- 
initely irregular. The deeper staining patches were not sharply de- 
marcated from the surrounding paler areas, but the colour shaded off 
from one to the other more or less gradually. Examination of the 
intimal surface with a strong lens revealed uniform staining within 
any given small area and the character of distribution of the dye 
could not be accurately described as ‘‘fleck-like.” The localization 
of areas of more intense staining had, in general, a similar distribu- 
tion in aU of the longer experiments; and therefore the aortas from 
these experiments may be described together concerning the more 
constant characteristics of distribution of the dye. 

The intimal surface of the arch of the aorta always showed more 
marked irregularities in intensity of staining than elsewhere. A deep 
staining patch was constant^ present, extending from the margin of 
the anterior sinus of Valsalva upward in the longitudinal axis of the 
vessel toward the mouth of the innominate artery. This patch was 
usually broader and deeper in colour at the base, narrowing and fad- 
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as accurately as possible on “outline charts” of the aorta on which 
the staining was reproduced graphically with blue crayon. These 
records were thus available for subsequent comparison. 

The following table gives the detail of the experiments. 

Tabie I 


Rab- 

bit 

No. 

Weiglit 

Dose of trypan 
blue 

Dose per kilo 

Duration of 
experiment 

Staining of the aorta as seen on the 
intimal surface 


STK. 

cc. % 

cc. % 

hrs. 


13 

1340 

4 O.I 

30 O.I 

I 


Barely perceptible, staining uni- 

38 

1930 

8 I 

4.1 I 

3 . 

1 

form in distribution 

45 

48 

2000 

1880 

10 I i 

TO T 

S.o I 

< ^ I 

5 ■ 


Somewhat deeper staining with a 

49 

1500 

10 I 

6.7 I 

Si 


suggestion of irregularity in dis- 
tribution 

S3 

I 2 Q 0 

H 

0 

H 

7.8 I 




54 

1265 

10 I 

I 7-9 I 

16 '' 



35 

1400 

10 I 

7.1 I 

19 



39 

2140 

8 I 

3-7 I 

23 



40 

2020 

8 1 

4.0 I 

23 


Well marked stainmg with definite 

12 

1770 

5 I 

2.8 I 

24 


differences in the intensity of 

47 

2280 

10 I 

4.4 r 

24 


colour in different areas. Dis- 

41 

2170 

8 I 

3-7 I 

29 


tribution of variations in inten- 

42 

2250 

8 I 

3.6 I 

29 


sity were charted 

43 

1880 

8 I 

4-3 I 

47 



44 

1950 

8 I 

4.1 I 

47 



55 

1950 

10 I 

S-i I 

lOI j 




The depth of staining increased with increasing duration of the 
experiment and appeared to be dependent upon the time rather than 
upon the quantity of tr3q)an blue, within the hmits of dosage em- 
ployed. It is, however, worthy of note that there was sometimes a 
considerable variation in the intensity of staining of the aorta in 
experiments of equal duration, even when comparable quantities of 
the dye had been injected — a fact which Hackel seems to have over- 
looked. With increase of the length of the experiments the contrast 
between deeply stained and lightly stained areas became more 
marked. However, beyond twenty-three or twenty-four hours, no 
obvious change in the character of the stainmg could be distin- 
guished. 

Prior to the appearance of blue colour on the intimal surface of the 
aorta, staining was to be seen in other tissues, as for example in the 
subcutaneous connective tissue and the peritoneal surface of stomach 
and intestines. The limgs, liver, spleen and kidneys were also tinged 
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ence of the aorta but extended slightly further toward the left side 
than to the right. Its upper limit was approximately the level of the 
first pair of intercostal arteries, and it extended downward to the 
level of the diaphragm. In the lower half it was frequently narrower 
than above and often narrowed gradually to the vanishing point just 
before reaching the level of the last pair of intercostal arteries. 

The abdominal portion of the aorta showed a more uniform stain- 
ing, though here too the posterior wall of the vessel tended to be 
more strongly tmged than the anterior. The mouths of the branch- 
ing vessels were surrounded by narrow zones of paler staining and 
this was particularly prominent in the distal margins of the vessel 
mouths forming small crescents of paler staining in these situations. 

All the variations in intensity of staining described, with the ex- 
ception of the pallor around the mouths of branching vessels, could 
be very easily detected on the adventitial surface of the aorta, being 
often more distinct on this surface. Cross-section of the vessel and 
examination of the cut edge with a strong lens showed that the stain- 
ing was much stronger in the outer layers of the media than in the 
inner portion. This difference in depth of colour could often be dem- 
onstrated even more strikingly by splitting the vessel approxi- 
mately through the middle of the media and stripping it apart into 
two layers. The outer layer of the aortic wall then showed well 
marked staining, while the inner half was almost uncoloured. How- 
ever, in some of the more deeply stained patches in the arch, the 
colour extended through the entire thickness of the media to the in- 
timal surface without any perceptible difference in the depth of 
staining. These findings were confirmed by microscopic examination 
of thick frozen sections which were mounted without further stain- 
ing. In such preparations the elastic fibres of the outer portion of the 
media were seen to be lightly tinged with blue, while the elastic 
laminae of the remaining part of the media were uncoloured, save for 
the internal elastic lamina which was faintly tinged. Examination of 
deep staining patches in the arch showed the elastic fibres to be 
coloured through the whole thickness of the media, but more strongly 
so in the outer layers. 

In addition to the more or less constant variations in intensity of 
staining, two specimens (No. 48 and No. 54) showed a single small 
round patch located on the right side of the ascending limb of the 
arch about midway between the valve ring and the mouth of the in- 
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ing in its upper part and thus forming a flame-shaped area. It ex- 
tended for a variable distance upward but seldom reached the orifice 
of the innominate artery. Occasionally, however, it split at the 
upper end, continuing as two more diffuse streaks which passed on 
either side of the openings of the vessels on the convexity of the 
arch. Another less distinct patch was almost always present above 
the left posterior sinus of Valsalva, extending upward for a short dis- 
tance as a flame-shaped area which gradually faded to the vanishing 
point. Occasionally this area was extended as a diffuse streak or be- 
came broader opposite the opening of the innominate artery, fusing 
in this area with an extension of the patch first described. The area 
above the right posterior sinus of Valsalva was always paler than 
that above either of the other two. The orifices of the great vessels 
arising from the arch were encircled by a narrow pale staining mar- 
gin, while darker, mottled areas were often seen near them so that 
the wall of the aorta on the convexity of the arch was always more 
deeply stained than that on the concavity. These mottled areas usu- 
ally resolved themselves posteriorly into a broad streak which ex- 
tended downward on the posterior wall of the descending portion of 
the arch toward the openings of the first pair of intercostal arteries. 
Thus the ascending limb of the arch was most deeply stained on its 
anterior and left lateral aspects, the colour being deepest at the root 
of the aorta. In the transverse limb the convexity of the arch and its 
posterior surface showed the greatest intensity of colour, while in the 
descending portion the posterior wall was most strongly stained. 

The thoracic aorta did not show any patchiness of staining but a 
distinctly deeper staining of the posterior waU of the vessel was con- 
stantly present. This area of deeper staining appeared as a broad 
streak, often forming a continuation of that coming down from the 
arch. It was continued laterally a little distance beyond the mouths 
of the intercostal arteries, and then gradually faded to the paler 
staining of the anterior half of the vessel. The colour of this area was 
quite uniform and showed no longitudinal streaking within itself. 
The only variation in the depth of staining was an extremely narrow 
margin of pallor just below the mouths of the intercostal arteries. 
The anterior portion of the thoracic aorta was very lightly stained; 
indeed, this portion of the aorta showed the weakest staining of any 
part of the vessel, often appearing almost entirely imstained. This 
area of pale staining occupied the anterior segment of the circumfer- 
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irritant had been applied. Microscopic sections of these areas 
showed, in the case of the animals in which croton oil had been em- 
ployed, a marked inflammatory reaction in the adventitia and sur- 
rounding structures, evidenced by intense engorgement of fine ves- 
sels and a moderate cellular infiltration. Unstained frozen sections 
showed a very faint staining of elastic fibres with trypan blue 
throughout the thickness of the media, but most marked in the pe- 
ripheral portion. In the aorta which had been cauterized there was 
necrosis of the adventitia and outer layers of the media with evi- 
dence of an inflammatory reaction about the necrotic tissue. Un- 
stained frozen sections showed the localization of the dye in the 
necrotic area and diffusely in the regions immediately adjacent to it. 

The aortas of three other rabbits were prepared in the following 
manner. The animal was killed by the injection of air into an ear 
vein. The thorax and abdomen were rapidly opened and the aorta 
carefully dissected out. The aorta was imm ersed in Ringer-Locke 
solution previously warmed to 37® C and was carefully opened in the 
longitudinal axis with a fine pair of scissors, care being taken to trau- 
matize the vessel as little as possible. Blood was washed out of the 
aorta with warm Ringer-Locke solution and the vessel then placed 
in a weak solution of trypan blue in Ringer-Locke solution also 
warmed to 37° C and kept at that temperature in an incubator. In 
one experiment the strength of the trypan blue solution was i ;io,ooo. 
At the end of thirty minutes the vessel was quite deeply stained. The 
two other aortas were immersed in a i :2o,ooo trypan blue solution, 
one for fifteen minutes and the other for twenty-five minutes. In 
both of them the staining was of moderate depth and comparable to 
the strength of staining in the longer experiments with intravenous 
injection of the dye. In all three aortas the staining was approxi- 
mately of equal intensity on both the adventitial and intimal sur- 
faces. The depth of colour was uniform throughout the whole extent 
of the vessel, except for a few pale areas where surfaces had appar- 
ently come into apposition "with one another and interfered to some 
extent vith the free access of the dye. Also a narrow zone along the 
cut edges was more deeply stained. However, the characteristic dis- 
tribution of the dye, as described above for the experiments where 
intravenous injection had been used, was entirely lacking. Micro- 
scopic examination of unstained frozen sections also indicated that 
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nominate artery. In one case (No. 48) the experiment had been of 
only five and one-half hours’ duration and this area was quite deeply 
stained, while the remaining parts of the intimal surface showed only 
slight staining. These patches were much less prominent on the 
adventitial surface. On sectioning these areas no abnormality was 
found in the structure of the wall and the staining was most marked 
in the layers of the elastic fibres nearest the intima, gradually 
fading toward the periphery. 

In four of the animals one or more “spontaneous” arteriosclerotic 
lesions of the aorta were present as small, discrete, slightly depressed 
areas in the arch or the upper part of the thoracic aorta. In every 
instance these lesions were conspicuous because of the almost com- 
plete lack of colour in them. They stood out as small, round, white 
patches against the blue background. There was no greater intensity 
of staining around the margins of the lesions than elsewhere in the 
intima. A patch of slightly deeper staining was, however, to be seen 
on the adventitial surface opposite each of them. 

The pulmonary artery became stained in about the same time that 
was sufficient to produce perceptible staining of the aorta. The in- 
timal surface of the first part of the pulmonary artery was often 
mottled in appearance, but variations in intensity were not as 
marked as in the arch of the aorta. The smaller arteries and vems 
were also coloured, at least in the longer experiments, and in these, 
as far as could be determined, the staining was uniform. The 
thoracic duct, if it was stained at all, was not sufficiently coloured to 
make it any more conspicuous than usual. 

In addition to the experiments described above, three rabbits were 
anaesthetized and the abdominal aorta exposed by a transperitoneal 
approach. In one animal the aorta was painted with croton oil 
around its whole circumference for a distance of about i cm. In an- 
other only a portion of the external surface of the aorta was bared 
and painted with croton oil. In the third, the aorta was lightly 
seared along one side with a hot probe. Immediately after operation 
in each case the rabbit was given 10 cc. of i per cent trypan blue in 
Ringer-Locke solution intravenously, and killed five hours after the 
injection. In each animal the aorta was lightly stained throughout 
its extent, except in the region treated with croton oil or cautery, 
where both the adventitial and intimal surfaces showed a patch of 
much deeper blue-staining, corresponding to the area in which the 
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pan blue demonstrated that the irregularities of staining in the aortas 
of animals injected intravenously with the dye were not due to the 
presence of unusually spongy tissues or to areas possessing a greater 
affinity for the dye. They indicated, on the contrary, the importance 
in the staming process of the maintenance of normal blood flow and 
pressure, not only in the lumen of the aorta, but also in the vasa 
vasorum. 

Impressed by the importance of blood pressure, particularly in the 
lumen of the aorta, Okuneff, Glasunow and Hackel attempted to es- 
tablish that the staining is due to penetration of the dye directly 
from the lumen of the vessel into the intimal surface. They believed 
that the local variations in intensity of staining could be explained 
by corresponding variations in the permeability of the lining endo- 
thelium which, in turn, was looked upon as being dependent upon 
variations in the strength of the normal lymph flow from the lumen 
of the aorta to the lymph channels in the peripheral coats of the 
vessel. If this were the case, one would expect to find the innermost 
layers of the aorta stained earliest and most deeply. It is true that 
in these experiments the internal elastic lamina was lightly tinged 
by the dye, indicating that some penetration from the lumen did 
occur, but the staining of this membrane was always diffuse and 
completely overshadowed by that of the external layers of the vessel 
wall. It was in the latter that the variations in intensity of staining 
occurred which produced the irregularities in depth of colour seen on 
the intimal surface. 

From an anatomical study of the aortas of dogs, lambs and hu- 
mans, Robertson has minutely described the distribution and 
abundance of the blood supply to the walls of the arch and thoracic 
portion of the aorta, through the fine vessels which ramify in the 
adventitia and penetrate the outer third of the media. A comparison 
of his results mth those of the present experiments shows a close cor- 
respondence between the depth of staining in the aorta and the vas- 
cularization of its walls: the colouring is deepest where the vascular 
network is most abundant. He found a rich network of vessels about 
the aortic valve ring and the root of the aorta, but fewer in the as- 
cending limb of the arch. Furthermore, the vascular supply was not 
equally plentiful around the whole circumference of the vessel. "At 
the root of the aorta, vascularization was most abundant over the 
anterolateral aspect and least abundant behind, over the right pos- 
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the staining was of a different character. The elastic fibres in the 
inner and outer thirds of the media were tinged with blue, while the 
middle third of the media was entirely unstained. 


Discussion 

In considering the picture of dye distribution, as seen on the in- 
timal surface of the aorta, one must keep in mind that the aorta of 
the rabbit is quite translucent and that staining of the adventitia or 
external layers of the media is clearly visible on the intimal surface 
of the vessel. This fact can easily be demonstrated by placing a drop 
of I per cent solution of trypan blue on the adventitial surface of a 
freshly removed aorta and, after a few moments, washing it off and 
opening the vessel. The situation of the stain in the adventitia can 
be detected vdth ease from examination of the intimal surface. 

The results of the present experiments indicate that the colour 
seen on the intimal surface of the rabbit’s aorta after intravenous in- 
jection of trypan blue is due to dye which is confined chiefly to the 
adventitia and outer portion of the media or which diffuses inward 
from this source. This is evidenced by the earlier appearance of 
colour in the adventitia and by the fact that the former is more 
deeply tinged, especially in the shorter experiments. Also the varia- 
tions in intensity of staining seen on the intimal surface of the vessel 
are equally well marked on its external aspect. Splitting of the aortic 
wall approximately through the middle of the media and stripping it 
apart into two layers shows strong staining of the outer half, while 
the inner layer is almost xmcoloured. Furthermore, examination of 
cross-sections of the aorta, both in the gross and microscopically, 
shows the presence of the dye in the adventitia and outer portion of 
the media while the inner layers are relatively unstained. In some of 
the very deeply stained parts of the aorta, the dye has tinged the 
whole thickness of the media, but even in these areas the staining is 
stronger in the external layers. 

In view of these facts, any explanation of the variations in inten- 
sity of staining, as seen on the intimal surface of the aorta, must be 
based upon local peculiarities in the structure or function of the ad- 
ventitia and peripheral third of the media. The experiments in 
which freshly removed aortas were soaked in weak solutions of try- 
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plained by the local increase of capillary permeability in the in- 
flammatory reaction. That the permeability of the capillary walls 
to trypan blue does increase in an area of inflamation has been 
demonstrated by Menkin in experiments upon rabbits and 
frogs. He also showed that the dye injected into the blood stream 
rapidly accumulated in an area of inflammation and was fixed there 
by occlusion of the regional lymph channels and the formation of a 
network of fibrin around the inflamed area. 

Since the greater part of the blue colour seen in the intimal surface 
of the aorta was imparted to it by the outer coats of the vessel, any 
local thickening or density of the medial coat or intima would result 
in an area of relative pallor. Thus a narrow zone immediately below 
or completely encircling the orifice of each branching vessel ap- 
peared paler in colour, due to the presence of a lip-like tWckening 
around the mouth of each arterial orifice, particularly prominent 
around the distal margin. The failure of “spontaneous lesions” to 
show any colour on the intimal surface probably likewise depended 
upon the density of the areas of degeneration m the media which 
frequently showed calcification. On the other hand, the slightly 
deeper staining on the adventitial surface opposite such lesions prob- 
ably was the result of an increased vascularity in response to a de- 
generation and mild inflammation of long standing. 

From the results of the present experiments, conclusions such as 
have been drawn by Okuneff , Glasunow and Hackel would be quite 
unjustified. The irregularities in intensity of staining of the aortic 
wall cannot be said to be due to local variations in the permeability 
of its lining endothelium. If the behaviour of trypan blue be com- 
parable to that of lipoid materials in the plasma, then one must con- 
clude that local variations in the permeability of the intima to 
lipoids do not exist under normal conditions, and hence can have no 
bearing upon the initiation of local fatty deposits in the aorta. The 
explanation of the origin and localization of such fatty changes must 
be sought elsewhere. 

Conclusions 

I. In rabbits, intravenous injection of a suitable quantity of a 
solution of tr}p»an blue results in well marked staining of the wall of 
the aorta within sixteen hours. The depth of colour as seen on the 
intimal surface is not uniform, some areas being more deeply stained 
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tenor sinus of Valsalva. . . . The vascularity of the arch was greatest 
on the convex surface of its ascending portion, and on the posterior 
surface of its transverse portion. It was least vascular on its anterior 
surface, particularly toward its descending portion. This latter sec- 
tion was most vascular on its posterior aspect, resembling the de- 
scending thoracic limb in this respect.” The thoracic portion of the 
aorta was most richly supplied on its posterior waU, while the ante- 
rior segment had a much less abundant vascular network. The simi- 
larity between the position of these areas of abimdant vascular 
supply and that of the areas most deeply stained by trypan blue in 
the present experiments need hardly be further enlarged upon to in- 
dicate the probability that the distribution of the dye was dependent 
upon the abundance of the vasa vasorum in the adventitia and outer 
third of the media. Where the vascular network was suflSciently 
abundant the stain was diffused through the thickness of the media, 
even reaching the inner surface. Apparently the endothehum of the 
capillary network was much more permeable to the dye than was 
that of the intimal surface of the aorta and the large vessels. This 
fact resulted in the appearance of the dye in other tissues, as well as 
in the external coats of the aorta, at a time when the intimal surface 
of the aorta was still almost uncoloured. 

In two rabbits (No. 48 and No. 54) a small round patch was found 
on the right side of the ascending limb of the arch of the aorta and in 
these areas the staining was found to be most marked in the inner 
layers of the media. These patches probably marked the position of 
minute nutrient vessels entering the media directly from the lumen 
of the aorta and ramifying in its inner portion. The presence of such 
vessels in this same position in dogs has been reported by Woodruff ^ 
and by Robertson, and the latter also foimd perforating nutrient 
vessels of this t3^e in human aortas. In some cases these vessels 
anastomosed with the network in the outer coats of the aorta, while 
in others they ended in a ramification in the inner third of the media. 
The occurrence of such minute vessels probably accounts for the 
patches observed by Okuneff in the aortas of some of his rabbits and 
guinea pigs. 

An inflammatory reaction induced in three rabbits around a small 
portion of the abdominal aorta through the agency of croton oil or 
cautery resulted in earlier and stronger staining in the inflamed areas 
than elsewhere in the vessel wall. This phenomenon is readily ex- 
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than others. The differences in intensity of staining become more 
prominent with increase in the length of the experiment. 

2. The variations in depth of colour seen on the intimal surface of 
the aorta are the result of irregularities in the staining of its outer 
layers — the adventitia and outer portion of the media. The deeply 
staining areas correspond to the areas in which the aortic wall is 
most plentifully supplied by vasa vasorum, while the pale staining 
areas correspond to those in which the vasculariaation of the aorta is 
least abundant. 

3 . The staining of the wall of the aorta is chiefly due to the escape 
of the dye through the capillary endothelium which is much more 
permeable to trypan blue than is the lining endothelium of the aorta. 
The local variations in depth of staining in the aorta are thus de- 
pendent upon the degree of vascularization of its walls. 

4. The production of an inflammatory reaction in the external 
layers of the aorta brings about a local increase in capillary permea- 
bility to trypan blue and as a result a stronger staining of the vessel 
wall in the inflamed area. 

In conclusion I wish to express my thanks to Professor Oskar 
Klotz for his interest and advice throughout the progress of this 
work. 
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Experimental Procedure 

The rabbits in the experiments reported in this paper were, at the 
outset, placed on a cooked cabbage diet, as it was anticipated that 
a shorter period of feeding would be required to develop goiters. 

The feeding was started in January 1931, with 17 rabbits. White 
winter cabbage was used. That used for the first two months was 
grown in New York state. For the first month the animals were fed 
35 gm. whole oats weekly, 20 gm. hay weekly, and as much cooked 
cabbage as they would eat. 

Four animals died during this period after losing weight rapidly. 
Three of these animals showed hemorrhagic lungs at autopsy. 

After the first month, as the animals were not gaining weight on 
this diet, the cabbage of each rabbit was weighed daily, and the 
oats increased to approximately 50 gm. The cabbage was steamed 
in the autoclave (at first imder pressure, but later no pressure was 
used) and was given in the amounts indicated in Table I. The 
weights recorded are for the cooked cabbage after steaming. The 
animals ate voraciously and seemed h3q)eractive, and when excited 
sometimes showed protrusion of the eyes. As much cabbage was 
given to the animals as they would eat, and from the table it will 
be seen that the amount eaten was much more than was given by 
either the Johns Hopkins investigators or by Marine and his co- 
workers. However, only 5 animals maintained their original weight, 
as may be seen from the table, and these 5 did not gain as much as 
a rabbit would on a regular diet. 

At the beginning of the third month, as the animals were still 
doing poorly and showed no palpable thyroid enlargement, they 
were divided into two groups, including an equal number of rabbits 
who were losing weight in each group. This division is indicated 
in the table as “2nd period” of the experiment. 

One group was fed cooked cabbage from which the juice had been 
expressed in a press. Marine and his co-workers ® had shown that 
the juice does not contain the goiterogenic agent, and the pressed 
cabbage is just as effective as the whole. The cabbage was pressed 
in order to reduce the polyuria which rabbits show on a cabbage diet. 
It was thought that this increased water intake might be a factor 
in producing the poor nutritional state of the animals. As much of 
this pressed cabbage was given each animal as it would eat, and the 



THE EFFECT OF CABBAGE FEEDING ON THE MORPHOLOGY 
OF THE THYROID OF RABBITS* 

Isolde T. Zeck\ver, M.D. 

{From the Department of Pathology, University of Pennsylvania Medical School, 

Philadelphia, Pa.) 

The production of goiters in rabbits by cabbage feeding reported 
by Chesney, Clawson and Webster/'” and confirmed by Marine, 
Baumann and Cipra ® seemed to introduce an easy and certain ex- 
perimental means for stud3dng thyroid hyperplasia in rabbits. 
Although these goitrous rabbits showed heat production lower than 
normal,® yet when iodine was administered to such rabbits there was 
a striking rise in basal metabolic rate, deposition of coUoid, loss of 
weight and sometimes death. 

It was for the purpose of stud3dng carbohydrate metabohsm dur- 
ing the hyperthyroid state induced by the administration of iodine 
to such goiter-bearing rabbits, that a group of rabbits was placed 
on a cabbage diet. 

The diet used by the Johns Hopkins investigators was a daily 
ration of approximately 250 gm. of cabbage, and a weekly ration 
of approximately 20 gm. of hay and 50 gm. of oats.® The diet used 
by those working at Montefiori Hospital was 60 calories of cabbage 
per Kg. daily (equivalent to about 180 gm. cabbage per Kg.), 35 gm. 
whole oats weekly, and 20 gm. alfalfa hay weekly.'^ 

Marine, Baumann and Cipra ® had found that boiling or steam- 
ing the cabbage greatly increased its capacity to produce hyper- 
plasia. Whereas rabbits fed fresh cabbage developed palpable 
thyroids in about 30 days, the same amount of steamed cabbage 
produced an equivalent enlargement in 10 to 15 days. Steamed 
cabbage in amoxmts as low as 25 calories per Kg. (or about 75 gm. 
per Kg.) per day produced hyperplasia. They considered that cab- 
bage contained a “powerful goiterogenic agent.” 

* Received for publication June 29, 1931. 
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Marine reported externally palpable thyroids and enlargements 
up to two and two and one-half times on direct observation in 4 
rabbits fed 81 days on raw winter cabbage (1928) ; palpable thy- 
roids and enlargements of three to four times in 4 rabbits fed 56 
days (1928) ; palpable thyroids and enlargements of twice normal 
size in 8 rabbits fed 28 days (1928); and palpable thyroids and en- 
largements of three times normal size in 2 rabbits on the diet 22 
days (spring of 1929). During the faU and winter of 1929-1930 he 
reported that cabbage was less goiterogenic, that is, the thyroids 
could not be palpated after 21 days of feeding. These figures were 
for raw cabbage. 

Comparison of our data with that of previous investigators shows 
that under the conditions of the experiment reported m this paper 
1931 cabbage produced very little gross enlargement of the thyroid. 
The three heaviest thyroids were obtained in rabbits which had been 
transferred from a cooked cabbage diet to raw cabbage. 

3. Microscopic Appearance of the Thyroid: In the papers from 
Johns Hopkins,^’ ^ microscopic descriptions have been given of the 
goiters in a stage of advanced hyperplasia, and descriptions have 
been given of the microscopic changes of involution induced in these 
enlarged thyroids by iodine administration. The early stages in the 
formation of the goiter, however, were not described. In the present 
paper, therefore, the microscopic changes wiU be considered in some 
detail, as they apparently represent the early stages in the develop- 
ment of the type of goiter which results from a cabbage diet up to 
the stage at which the other observers began their microscopic 
studies. 

Although the gross changes in the thyroid were not striking in 
the present series of experiments, the microscopic changes were 
pronounced and represented an interesting transition from the 
normal to the hyperplastic. 

The microscopic slides were arranged in order of what was con- 
sidered the degree of microscopic change, -without referring, until 
after the histological description, to the data of weights and dura- 
tion of thyroid feeding. In Table I the rabbits have been arranged 
in this order, ranging from Group I in which the microscopic changes 
were slight, to Group III in wliich the microscopic changes appeared 
to be the most advanced in this series. 
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amounts are recorded in Table I. The weights recorded are of the 
cabbage after expressing the juice, corresponding roughly to 0.7 of 
the original weight of the cabbage. The second group was fed raw 
cabbage. 

At Montefiori Hospital all of the rabbits were of a single strain 
(Belgian). At Johns Hopkins various t5T)es of rabbits were used. 
In the experiments reported in this paper various types were used. 

Results 

1. Coiidilion of Animal: It will be seen from Table I that 6 
animals at the end of their feeding periods had maintained their 
original body weights, and of these, 3 had exceeded their original 
weights. Eleven animals were below their original weights, either 
at spontaneous death or when the experiment was intentionally 
terminated. The animals studied by Chesney, Clawson and Web- 
ster ^ usually gained weight and had no tendency to diarrhea. Some 
of their animals, however, lost weight rapidly for several weeks 
and died, the autopsy revealing no cause for death. Webster 
and Chesney ® reported a high incidence of intercurrent infection 
at times. The animals of the present series, which lost weight 
rapidly, were suffering from diarrhea. Five animals died spontane- 
ously, and 2 were killed because they were ill. In 4 ill rabbits, 
there were acute inflammatory lesions in the lungs. The rabbits 
used were not a parasite-free breed, and coccidia were sometimes 
found at autopsy. 

2. Weight of Thyroid: The only thyroids in the present series 
that were distinctly larger than normal were one of 0.641 gm. after 
102 days of feeding (R73), and one of 0.4398 gm. after 107 days 
(R64). Comparable weights were obtained by Chesney, Clawson 
and Webster ^ in much shorter periods of time. For instance, they 
obtained 0.86 gm. as the average weight for all rabbits observed 
for 41 to 60 days, and 0.43 gm. as the average of all animals ob- 
served for 21 to 40 days. Their data for periods of observation com- 
parable to mine show that at loi to 120 days the minimmn weight 
of the thyroid was 0.4 gm., the maximum 3.0 gm., and the arith- 
metical mean 1.47 gm. For 81 to 100 days they obtained a weight 
of o.i gm. as a minimmn, 2.3 gm. as a maximmn, and 1.05 gm. as an 
arithmetical mean. 
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Group I. Early Changes: The essential changes were thin- 
ning and disappearance of the colloid, change in shape of the 
epithelial cells, and increase in number of the epithelial cells, with 
formation of new small acini. In some thyroids the change in the 
epithelial cells far exceeded the disappearance of colloid. That is, 
the former flat epithelial cells became oval and rounded, even when 
enclosing a large amount of fairly dense colloid which, however, 
had become paler than normal. Where the colloid was most dense 
and eosinophilic, the cells remained very flat. In addition, there 
were solid masses of round and oval epithelial cells with abundant 
cytoplasm l3dng in between large acini and grouped together with- 
out apparent formation of acinar spaces. These changes are exempli- 
fied in R51 and R59 (Fig. i). 

In R58 there was more marked change in the colloid than in the 
epithelial cells. The colloid had become pale and granular. Ap- 
parently in life this colloid was quite fluid, as it seemed to have 
sedimented by gravity, and had thus formed crescents of eosin- 
staining material in each acinus with an upper zone of granular, 
poorly staining material, while above this the acinus was empty. 
There was relatively little rounding of the epithelial cells, but there 
was some new-formation of epithelium between old acini. 

In other cases (R62, R61, R66) thinning and disappearance of 
colloid occurred almost simultaneously with rounding of the cells 
and new-formation of epithelial cells. Sometimes a few acini con- 
taining dense eosinophilic colloid stood isolated, surrounded by 
acini containing pale, fluid colloid (Fig. 2). Whenever there was 
evidence of thinning of colloid, dense crescents were found in the 
acini with granular colloid above. The acini became somewhat 
smaller in size and new epithelial cells appeared between acini. The 
changes in this group were only slightly beyond physiological varia- 
tions, but in no instance was the “resting” colloid stage seen. 

In 2 of the rabbits that died in less than a month (R65 and R60) 
the microscopic appearance did not correspond with the sequence 
of changes in the other thyroids, and possibly other factors compli- 
cated the picture. In these, pale colloid not only distended the 
acini but occurred in lakes outside the acini. There appeared to be 
ruptures in the acinar walls, permitting this flowing out of colloid 
into the interstitial spaces. 
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Group II. Changes of Moderate Degree: The thyroids of this group 
showed acini of moderate size and very small size. The epithelial 
cells were distinctly cuboidal and there was extensive hyperplasia, 
as indicated by the dense masses of round cells without discernible 
lumina l3dng in between small, apparently new-formed acini. The 
epithelial cells of the moderate sized acini were very prominent 
because of the large amount of cytoplasm and dear round nudei. 
The colloid was very pale and granular and generally greatly re- 
duced in amount (see Fig. 3 in which the histological changes were 
quite advanced in a small th3T:oid). 

Group III. Changes of Advanced Degree: In the three heaviest thy- 
roids the epithelial cells were high cuboidal, with a large amount of 
pale, vacuolated cytoplasm. Most of the cells occurred in dense 
groups forming very small acini. The coUoid was scanty and when 
present was pale and granular. Capillaries were conspicuous. Fig. 4 
represents the most advanced change, which has the appearance of 
the stage studied by Chesney and Webster. 


Discussion 

Apparently there is very wide variation in the way in which 
rabbits respond to cabbage diet, either by microscopic hyperplasia 
or gross enlargement of the thyroid. Webster and Chesney com- 
mented upon individual susceptibility of certain rabbits to the 
goiterogenic agent, and noticed that goiter was more easily pro- 
duced during the winter. Just after the present experiment was 
started, Webster, Marine and Cipra" published results showing 
seasonal variation in the goiter produced by feeding of cabbage, and 
variation from year to year, that is — 1929 cabbage was not as effec- 
tive as 1928, and 1928 not as effective as 1927. Their results are 
stated as the beginning of a systematic attempt to study seasonal 
variations. The present experiments, although limited in number, 
may add further data indicating annual variation and a failure to 
produce thyroid hyperplasia of high grade by feeding winter cab- 
bage during the early part of the year 1931, under the conditions 
of the experiment. 

McCarrison ® has recently reported obtaining goiter in rabbits 
by cabbage feeding in India. On examining his figures, it is seen 
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DESCRIPTION OF PLATE 


Plate 37. 

Fig. I. Very little histological change in R59 after 1 14 days of feeding. Thy- 
roid weighed o.ioi gm. x 560. 

Fig. 2. R62. Cells are generally low cuboidal. Colloid in some acini is be- 
coming thin and granular, in contrast to a few acini containing dense 
eosinophilic colloid surrounded by flattened cells. Th5T:oid weighed 
0.1655 g“* 107 days’ feeding, x 560. 

Fig. 3. R67. Cells are high cuboidal, many acini are small, and the little 
colloid that remains is granular and pale. Thyroid weighed only 0.088 gm. 
105 days’ feeding, x 560. 

Fig. 4. R73. This represents the most advanced hyperplasia noted, in the 
heaviest thyroid of the series. The cells are high cuboidal, acini very 
small, and the colloid has largely disappeared. The thyroid weighed 0.641 
gm. 102 days’ feeding, x 560. 
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that the degree of hyperplasia was not very great, the heaviest 
tliyroid obtained weighing 0.697 g™- 

The experiments reported in the present series are few in number 
because intended for another purpose, and conclusions must there- 
fore be guarded, and yet in the findings reported in previous years 
the regularity with which hyperplasia resulted was such as to an- 
ticipate hyperplasia in a large percentage of a small series. When 
the results became apparent, it was no longer possible to obtain 
■winter cabbage of the same year, and therefore extension of the 
experiments to a larger series was impossible. 

Summary 

1. Feeding vanter cabbage in the early part of 1931 to 17 rabbits 
for periods up to 114 days produced hyperplasia of the thyroid, 
but only in two instances resulted in enlargements more than t'wice 
the normal weight. 

2. The microscopic changes of hyperplasia were more conspicu- 
ous than the gross enlargement. 

3. Under the conditions of these experiments, the feeding seemed 
to favor a high incidence of intercurrent infections. 

4. The data, in so far as a small series of experiments permit 
conclusions, support the view that there is annual variation in the 
goiterogenic agent of cabbage. 
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was found to be of exceptional value in sharpening the details of the 
impregnation and converting it essentially into a double impregna- 
tion, There are six variants of our procedure chosen from our ex- 
perimental series of thirty-six variants. The reader need not be 
alarmed at this large number of variants: it is intended that they 
shall be used to fit the case in question and ample indication will 
be afforded for the choice of the proper one, with a tabular view of 
the results obtainable with each. Unless the best one for a partic- 
ular purpose be chosen, the results will not be optimal, although 
any one of the six will give pictures superior to those obtained 
through methods heretofore used for demonstrating the finest fibrils 
of the connective tissue. The method is simple, counterstaining is 
entirely eliminated, and every detail of a given tissue may be 
brought out sharply. 


Technique 

Fixation: The finest results obtained were seen in sections made 
from material fixed in formalin and kept as museum specimens in 
Kaiserling III for nearly ten years. This fixation, however, is 
scarcely to be considered practical. The next best fixative is neutral 
10 per cent formalin, in which blocks cut thin enough to ensure com- 
plete penetration of the fluid should remain for 24 hours at least, 
longer if possible. If Bouin’s fluid is used, the results are comparable 
to those obtained in the Laidlaw-Bouin method; the nuclei will be 
unimpregnated, the cytoplasm impregnated in the case of epithelial 
cells, and mesoblastic cells will be unstained. The resulting pictures 
are more colorful than those obtained by the Laidlaw procedure. 

The method gives very good results if Zenker-fixed tissues are 
used. They should be fixed for 24 hours, washed in running water for 
another 24 hours and, after embedding and sectioning, the mercuric 
chlorid should be removed from the sections with the usual alcoholic 
iodin solution, and this in turn removed with very weak (i per cent 
or less) aqueous sodium thiosulphate. This must then be washed out 
thoroughly. The oxidation-reduction steps, in which potassium per- 
manganate and oxalic acid are used, should he omitied as they pro- 
duce effects similar to the Bouin fixation. The presence of chromium 
salts makes no material difference in the subsequent impregnation, 
except to enhance the impregnation of nervous tissue. On the wliole. 



A TECHNIQUE OF SILVER IMPREGNATION FOR GENERAL 
LABORATORY PURPOSES * 

Nathan Chandler Foot and Ellen Bellows Foot 

{From the Department of Pathology, College of Medichie of the University of Cincinnati, 
and the Cincinnati General Hospital, Cincinnati, Ohio) 

Anyone who has used silver impregnations over a period of time 
will have been struck with the possibihty of applying them to the 
demonstration of histological elements other than fibers, and will 
have been tempted to devise some method that would, at one and 
the same time, bring out these structures as well as the fibrous ele- 
ments in a given section. There seems to be no reason why a silver 
impregnation should not be arranged to fit the purposes of routine 
tissue examination in the pathological laboratory, a method that 
would be an improvement over the usual routine stains, inasmuch as 
it would demonstrate a variety of tissue elements selectively without 
rendering the use of several stains on several sections necessary. 

The following method was designed primarily to demonstrate the 
finer fibrils in tumors of the melanoma group which elude silver im- 
pregnation when the usual methods are employed. They could be 
shown in frozen sections, but only partially or unsatisfactorily 
brought out in paraffin material. We therefore experimented with a 
series of some thirty-five different modes of procedure and dis- 
covered that it is possible to obtain even better results in paraffin 
than in frozen sections. While doing this, we were struck with the 
general applicability of the method to the demonstration of other 
tissue components as well. It was found that the preliminary bleach 
with potassium permanganate and oxahe acid, used in prevailing 
methods for impregnating reticulum and endoneurium, was the 
stumbling block that had obstructed successful impregnation of the 
finer fibrils of our tumors. Further experimentation demonstrated 
that a preliminary treatment with pyridin and glycerol, in place of 
the bleach, was practically essential for the attainment of satisfac- 
tory results and, in subsequent work, the use of a reducing agent fol- 
lowing the gold toning bath (as suggested by Laidlaw’s work^'^) 

* Received for publication October 14, 193^* 
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Reducing Fluid: The developer is a mixture of strong neutral 
formalin (40 per cent formaldehyd) i cc., i per cent sodium carbon- 
ate in distilled water 3 cc,, and distilled water to make 100 cc. Three 
minutes completes reduction. 

Toning and Fixing: The toning bath is a i :5oo solution of Merck’s 
“acid brown” gold chlorid in distilled water. The fixing fluid is the 
usual 5 per cent sodium thiosulphate (“hypo”). 

Variant i 

The sections are taken from distilled water, impregnated for i 
hour in the impregnating fluid, washed in 2 changes of distilled 
water and reduced in the developer for 3 minutes or so. They are 
then washed in tap water and toned for 3 or more minutes in the 
gold bath, washed, and fixed in the h3rpo for 3 or more minutes, after 
which they are washed and mounted in Canada balsam, after de- 
hydrating in ascending percentages of alcohol and xylol. 

Variant 2 

This is similar to the preceding formula, except that the Laidlaw 
oxalic add (5 per cent) bath is intercalated between the toning and 
fixing baths, and the fact that toning, redevelopment and fixing are 
all lengthened to 10 minutes each, to correspond with Laidlaw’s 
directions. 

Variant 3 * 

In this variant formalin-soda replaces the oxalic acid procedure of 
its predecessor. It is made up exactly as before (formalin i cc,, i per 
cent sodium carbonate 3 cc., distilled water to 100 cc.). Used de- 
veloper should not be employed; it should be made up freshly each 
time. The treatment with the gold, formalin and hypo is the same as 
in Variant 2. 

V ariant 4 

In the following three variants a tannic acid mordant is used 
made up as follows: pure tannic acid 0.2 gm,, ammonium bromid 
3.5 gm., strong neutral formalin 5 cc., distilled water to make 500 cc. 

The sections are mordanted for 15 minutes in the tannic acid bath 

* Instead of the soda-formalin solution a solution of 0.5 per cent oxalic acid in 
5 per cent neutral formalin has been found to give better results and avoids the danger 
of precipitates. This vras ascertained since the paper was submitted for publication. 
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formalin fixation gives more colorful results and is, on this account, 
to be preferred. This does not, however, imply that Zenker fixation 
is to be eschewed — quite the contrary; it gives very striking pic- 
tures in all instances and is well suited to the method. 

Embedding: The ordinary routine method of paraffin embedding 
is used after dehydration of the tissue in ascending percentages of 
alcohol and in chloroform. 

Preliminary Treatment: This is essential in the case of all the 
variants. The sections are deparaffinized in 2 changes of xylol and 
absolute alcohol and are then treated from i to 24 hours with a mix- 
ture of 2 parts pure pyxidin to i part of pure glycerol. This bath 
keeps well and may be used repeatedly for many weeks. The sec- 
tions are transferred directly from this to 2 changes of 95 per cent 
alcohol, washed in tap water and placed in distilled water. 

Impregnating Fluid: This is a simple silver diammino hydroxid 
solution, depending upon the Kubie and Davidson formula.® It is 
used in all the variants, at full concentration in the first three, at 
half strength in the last three. To 10 cc. of 10.2 per cent silver ni- 
trate solution in distilled water, strong ammonia is added dropwise 
until the resulting brown precipitate is just dissolved; 10 cc. of 3.2 
per cent pure sodium hydroxid solution in distilled water is added 
and the reprecipitated silver hydroxid again just dissolved by the 
addition of a few more drops of ammonia. The solution is then made 
up to 100 cc. with distilled water that has been heated to about 5o°C. 
Sections are impregnated in this in a closed staining box in the in- 
cubator at 37° C, or the paraffin oven at 55° C for i hour in the case 
of Variants i, 2 and 3, and for 10 minutes in the half-strength solu- 
tion (5 cc. silver nitrate, 5 cc. sodiiun hydroxid) in that of the other 
three variants. 

Silver diammino carbonate may be used interchangeably with, 
and in the place of the hydroxid; it often gives superior results, par- 
ticularly in those variants in which the tannate mordant is used. 
It is made up at full strength in all cases; 10 cc. of 10.2 per cent 
silver nitrate, strong ammonia drop by drop until the precipitate 
is dissolved, and 10 cc. of 3.1 per cent sodium carbonate in distilled 
water, instead of the hydroxid. There is no reprecipitation upon 
adding the carbonate, as the hydrogen ion concentration remains 
unchanged, and further ammonia is therefore unnecessary. The 
solution is used in exactly the same manner as the hydroxid. 
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heated to 50° C in the incubator of paraffin oven. They are then 
treated for i to i minute with 100 cc. of distilled water to which has 
been added 3 to 5 drops of strong ammonia. This is the “stop ” solu- 
tion. They are then washed for about 2 minutes in distilled water. 
The impregnation with silver is complete at the end of 15 minutes 
instead of i hour, as in the preceding variants. After impregnation 
the sections are washed in distilled water, developed, toned and fixed 
as in Variant i. 

Variant 5 

Proceeding as in the preceding variant, the method changes as 
soon as the toning bath is reached, to correspond with Variant 2, 
lengthening the time to 10 minutes and using the 5 per cent oxalic 
acid-gold developer in exactly the same manner. 

Variant 6 

This resembles Variant 5 in every particular save one, formalin- 
soda developer replaces the oxalic acid bath, as in Variant 3. 

The formalin-oxalic acid intensifier may be used here, as in 
Variant 3. 

Stbimary of Steps in the Variants 

1. Neutral formalin or Zenker fixation. 

2. Paraffin embedding. 

3. Pyridin-glycerol pretreatment for 1 to 24 hours. 

4. In Variants 4, 5 and 6; tannic add mordant for 15 minutes, fol- 
lowed by “stop” solution of ammonia for 30 seconds. 

5. (0) Variants i, 2 and 3; impregnation in warm silver diam- 
mino hydroxid for i hour. 

(6) Variants 4, 5 and 6; impregnation in this bath at half-strength 
for 10 minutes. 

6. Reduction of silver in formalin-soda developer for 3 minutes. 

7. Toning in i :5oo gold chlorid in Variants i and 4 for 3 minutes; 
other variants for 10 minutes. 

8. Reduction of gold in Variants 2 and 5 with 5 per cent oxalic 
acid; Variants 3 and 6 with formalin-soda; in either case for 10 
minutes. 

9. Fixing in 5 per cent sodium thiosulphate in Variants i and 4 
for 3 minutes; other variants for 10 minutes. 
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and reticulum exactly alike, magenta or reddish. On the whole, the 
second and fifth variants will be found to be the best for general use. 
If the fifth is found to give too intense impregnations, the fourth or 
the sixth may be substituted. If one desires delicate effects with 
little or no disturbing cytoplasmic backgroimd, then the first variant 
should be the choice; or the fourth, if a little more cytoplasmic detail, 
color variety and plasticity are desired. Those variants depending 
upon the tannic acid mordant will give more colorful pictures, those 
omitting its use will tend to be monochromatic. 

The reader is left to choose the variant that best suits his particu- 
lar purposes and tastes; we can safely claim that he will find one of 
them that will fit his needs. Variant 2 gives ideal reticulum impreg- 
nation: it is particularly fine in the case of the “ Gitterfasem,” or re- 
ticulum of the liver sinusoids, the lymphoid reticulum and the sheaths 
of muscles. Variant 5 is particularly suited to the demonstration of 
muscle striations. With several variants, particularly Nos. 2 and 5, 
the medulla of the suprarenal is most admirably set off and demon- 
strated, and the Hassaks corpuscles of the thymus very well brought 
out because of their metachromatic impregnation. 

The four figures in the plate (Figs, i to 4) demonstrate the various 
features of as many typical variants. They were made under ex- 
actly similar conditions, except for differences in the time exposure 
that were contingent upon the density of the impregnation. Four 
fields, as nearly similar to one another as possible, were chosen in 
four sections cut from the same block of tissue from a nevus. 

It might be well to make some explanation of the different steps 
used in the six variants. The pyridin-glycerol treatment was origi- 
nally introduced to increase the definition of the fibrillary structures 
in nevi, as it was known to be excellent in the case of nerve fibrils and 
the smaller nevus fibrils were suspected of being such. Whether they 
are, or not, the p3rridin is found to bring them out more clearly than 
if it is omitted, and to keep down troublesome precipitates. The 
glycerol was added because it had been noted that Kaiserling III 
tissue impregnated more colorfully than that fixed in pure formalin. 
It was found that glycerol did, indeed, increase the metachromasia of 
the impregnation. 

The silver solution is made up equimolar (0.6 molar), which ex- 
plains the fractions in the “ 10.2” and “3.2 ” solutions of silver nitrate 
and sodium hydroxid. Sodium carbonate is added to the formalin 
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Note: Thorough washes are indicated between all steps, distilled 
water being required until the sections have been reduced in Step 6; 
after that tap water is employed throughout. 


Discussion of Results Obtained 

After studying many sections from the experimental series used in 
our work we ran through a set of eleven sections in each variant, the 
material being taken from ten different organs (heart, two sections of 
lung, thymus, spleen, liver, kidney, suprarenal, uterus, lymph node 
and brain) from an autopsy performed almost immediately post- 
mortem. The color effects of the variants were then tabulated 
in the appended table. The sixty-six slides of the autopsy series 
were all impregnated at the same time and therefore represent a 
standard result. 

As will be seen, the intensity of detail progresses through the series 
up to the fifth variant where it is most marked, and falls off a trifle 
at the sixth. The use of oxalic acid after toning the sections in gold 
chlorid develops the partially reduced gold salts that have replaced 
the silver and thus, by further reduction, “doubles” the impregna- 
tion: as a result one sees intensified and predominant magentas and 
violets, which are “gold colors.” The use of a stronger reducer 
(formalin-soda) changes the picture from a prevalent magenta to a 
brick red, enhances the nuclear detail, impregnates the cytoplasm 
less densely, but does not produce as precise a fiber impregnation as 
does the weaker reducing agent (oxalic acid). This is probably ex- 
plained empirically by the well known proclivity oxalic acid pos- 
sesses for reducing gold salts. 

It will be noted that the nuclei are listed as being either brown or 
black in those variants using the tannic acid mordant; there is no 
transition, they are either the one or the other. This phenomenon 
doubtless has its significance, occurring as it does in nuclei of the 
same cell race and apparently similar properties, but just what this 
may be we do not know. At first it was thought to be an artefact, 
but this peculiarity has been regularly noted in tannate sections. By 
referring to the table one may readily gauge the relative merits and 
drawbacks of the different variants. If it is desired to bring out re- 
ticulum selectively, then one of the first three variants should be 
selected, for the last three are imsuitable as they impregnate coUagen 
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and to make the impregnation suitable for general use on almost any 
tissue. The use of the term “variant” might have been omitted, but 
it was thought that this clarified the slight variations in the pro- 
cedure, so we have used that expression in this paper. It is not 
recommended that the method be used for impregnating brain or 
spinal cord sections, as there is not enough contrast to make it valu- 
able in that connection. 
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DESCRIPTION OF PLATE 


Plate 38 

All photomicrographs were taken at about 800 diameters magnification by 

Mr. Joseph B. Homan of our Department of Medical Art, with the assistance 

of the authors. 

Fig. I. A field from a pigmented mole, or nevus, impregnated by the first 
variant. The nevus cells and fibrils are rather pale, the reticulum some- 
what darker. 

Fig. 2. Similar field impregnated by the second variant. The nevus fibrils arc 
darker, the nuclear detail sharper. 

Fig. 3. A third field impregnated bj"^ the fourth variant. Nuclei and fibrils still 
sharper. Note the occasional lilack nuclei. 

Fig. 4. A field slightly deeper in the tumor, but otlienvise identical with the 
preceding. Here the fifth variant was used. The excellent fibril and nuclear 
detail is at once apparent. 
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thrombus had formed. In the group of cases reported from the 
Lahey Clinic and New England Deaconess Hospital/® i case with 
thromboses in both auricles, which were attributed partly to coro- 
nary sclerosis, could be considered as developing in the same 
fashion; another showed evidence of a slight toxic myocarditis. 

Two cases are reported here because they present in the myo- 
cardium chronic inflammatory changes and degeneration, without 
complicating factors, and definite enough to indicate the causal 
role of a toxin. The first patient died in thyroid crisis from un- 
abated hj^erthyroidism of the Basedow type: there was no opera- 
tive or known iodine treatment. The second died in a reaction 
(postoperative storm) following bilateral thyroidectomy: a course 
of iodine treatment had been given. 

Case Reports 

Case i. Clinical History: A female patient, 48 years of age, had suffered 
from struma, palpitation of the heart, exophthahnus, nervousness, and loss of 
weight for eleven years. Onset of illness followed the death of her father. 

Physical examination showed a medium sized woman, incoherent and rest- 
less, with nutrition markedly reduced. Exophthalmus present. Tongue damp, 
cracked and tremulous. Thyroid moderately enlarged, lateral lobes easily 
palpable. Neck veins prominent. Limgs edematous at bases. Heart action 
visible, palpable at apex. Palpable pulsation of right ventricle. Heart en- 
larged by percussion; apex in the seventh intercostal space, three fingers’ 
breadth from mammary line. Heart soimds obscured by indefinite murmurs. 
Blood pressure 125/75. 

Treatment b}" several courses of strophanthin, glucose solution intraven- 
ously, sedatives and rest produced more regular heart action and relieved the 
dyspnea and delirium. Two weeks later vomiting, looseness of bowel move- 
ments, irregular heart action, pleural effusion and edema indicated the bodily 
collapse of thyroid crisis. The spinal fluid, blood leucocytes, blood sugar and 
non-protein nitrogen were normal. Blood culture was negative. After two days 
of marked irregularity and fibrillation of the heart, death occurred in the sixth 
week following admission. 

Aiiaioinical Diagnoses: Struma parenchymatosa (moderate) ; dila- 
tation of both ventricles of the heart; chronic myocarditis with 
subendocardial hemorrhage; infarct of spleen (recent); conges- 
tion of lungs, liver, spleen, kidneys; edema of lungs; hydrothorax, 
right; atelectasis of right lung; chronic bronchitis. 

Heart: Weight 475 gm. The left ventricle is considerably en- 
larged, its apex rounded; right ventricle and auricle appear widened. 
The epicardium is soft, smooth and shining. The foramen ovale 



THE QUESTION OF A SPECIFIC MYOCARDIAL LESION IN 
HYPERTHYROIDISM (BASEDOW’S DISEASE)* 

WiLUAii Lewis, M.D. 

{From the Palhological huiihite of the Allgcmcines Krankenhaus Eppendorf, Hamhurg) 

Reports in the literature are not consistent in describing morpho- 
logical changes in the heart specifically related to hyperthyroidism. 
This variability can be attributed in part to the types of cases ex- 
amined, to geographical situation, to method and duration of treat- 
ment, and to thoroughness of pathological examination. Fahr ^ in 
1916 reported in 7 cases (5 of Basedow struma and 2 of colloid 
struma) degeneration and chronic inflammatory changes in the 
myocardium; again in 1921 ^ be reported similar changes in a total 
of 27 cases (18 of Basedow struma, and 9 of colloid struma). These 
cases were both operative and non-operative. Goodpasture® in 
1921 reported fairly large foci of acute necrosis in the myocardium 
of 2 non-operative cases of hyperthyroidism with auricular fibril- 
lation, in which “the cause of death was myocardial exhaustion.” 
Goodall and Rogers^ in 1927 reported in 9 necropsies of Basedow’s 
disease perivascular and interstitial polymorphonuclear infiltration 
and patchy necrosis of the myocardimn; the changes were present 
in both ventricles, yet in most of these cases the pericardium, en- 
docardium, valves and myocardium had appeared normal on gross 
examination. 

Other reports, Miiller ® (3 cases), Simmonds ® (8 cases), Pettavel ^ 
(4 cases, later 12 in all), Wegelin ® (13 cases from the Bern Insti- 
tute, mostly reported by Matti ® and Pettavel), Wilson (21 cases), 
Means and Richardson (12 cases), Thomas (i case), Lewis 
(12 cases), McEachem and Rake“ (27 cases), record a variable de- 
gree of hypertrophy and dilatation, fatty changes and shght fibrosis. 
More marked changes, if present, were ascribed to rheumatic heart 
disease, hypertension or arteriosclerosis. In this group there were no 
changes considered definitely the result of toxic damage. However, 
Wegelin foimd in i case necrosis in a papillary muscle on which a 

* Received for publication September 23, 1931. 
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The basal metabolism on admission was 57 per cent; after treatment with 
LugoFs solution, 5 drops 3 times daily for twelve days, it was plus 54 per cent. 
Lugol’s solution was discontinued, and bromural, 0.5 gm. daily, given for three 
weeks. On bilateral strumectomy, two portions of thyroid (the size of an apple 
and the size of a walnut) were removed. Following operation the pulse rose from 
90 to 140. Marked cardiac irregularity, delirium, tremor and restlessness fol- 
lowed. Despite emergency measiures the patient died on the third day. 

Anatomical Diagnoses: Status of postoperative partial strumec- 
tomy; fatty infiltration of liver; nephrosis (fatty infiltration of 
renal tubular epithelium). 

Heart: Weight 300 gm. Epicardium, endocardium, valves and 
coronary vessels show no gross abnormalities. Ventricles are well 
developed. Myocardium is lax and of dull brown color. 

Microscopic Examination: Both ventricles have foci of degenera- 
tion of myocardial fibers, increase of fibrous tissue, and small round 
cell lymphocytic infiltration. Capillaries are dilated, partly con- 
gested. Small coronary vessels are normal. Fat stains show diffuse 
fatty infiltration of the muscle fibers. 

Thyroid: At autopsy a small distorted portion of tissue was 
found. The operative specimen consisted of an apple- and a walnut- 
sized portion of reddish brown tissue, partly encapsulated and 
showing degenerative changes. Microscopically this specimen con- 
sists of many small and medium sized follicles with cuboidal epi- 
thelium, some large follicles with low cuboidal epithelium and 
abundant colloid. There is some papillary hyperplasia, but the 
stroma between follicles is slight. There are several foci of fibrosis 
and old hemorrhage. The diagnosis is endemic goiter with sec- 
ondary follicular hyperplasia and involutional changes. 

Other Organs: The kidneys show marked fatty infiltration of the 
tubular epithelium (nephrosis). There is fatty infiltration of the 
liver. The spleen is congested; pancreas negative. The aorta is 
smooth and elastic. No thymic enlargement is present. 

Discussion 

The e.xplanation of the degenerative and inflammatoiy myocardial 
changes involves the question not only of a circulating toxin, but of 
a toxin apparently acting specifically on the myocardium. Whether 
the sjmiptomatic effects of hyperthyroidism represent an excessive 
secretion of normal product of the thyroid gland (hyperthyroidism), 
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is patent to tlie extent of admitting a pencil point. The endocardium 
is smooth and shining. The myocardium of the left ventricle is red- 
dish brown, glazed, and shows small, dark red, hemorrhagic, sunken 
foci. Under the endocardium of the left ventricle, of the interven- 
tricular septum, and of the left papillary muscle are small hemor- 
rhagic foci. The coronaries and valves are negative. 

Microscopic Examination: The left ventricle has numerous foci 
of hemorrhage, mostly under the endocardium and involving the 
adjacent myocardium; the foci are marked in the papillary muscle. 
The left ventricle also shows diffuse and focal fibrosis of the myo- 
cardium, mostly perivascular, accompanied by diffuse, small, round 
cell lymphocytic infiltration. There is degeneration of muscle 
fibers in the foci of hemorrhage, with lymphocytic infiltration and 
diffuse fibrosis peripherally. These changes are more marked at 
the distal portion of the small coronary vessels which show conges- 
tion and sometimes perivascular hemorrhage. Fat stains reveal 
diffuse fatty infiltration of muscle fibers, more abundant beneath 
the endocardium and in the papiQary muscle. The larger branches 
of the coronary arteries are negative. 

Sections of the right ventricle reveal moderate diffuse fibrosis, 
scattered lymphocytic infiltration, and some fragmentation and 
degeneration of myocardial fibers. 

Thyroid: Each lateral lobe is firm and enlarged to the size of a 
small peach. Microscopically there are numerous follicles, low 
cuboidal epithelium, abundant colloid, fibrous interstitial bands, 
and some lymphocytic infiltration. The irregular size of the fol- 
licles, degree of involution of the epithelium (spontaneous — no 
known iodine treatment), and the fairly marked strumitis indicate 
a hyperplastic process of fairly long duration. 

Ol]m Organs: The aorta is smooth and elastic. No thymic en- 
largement is present. 

Case 2. Clinical History: A female patient, 50 years of age, had suffered 
from enlargement of the thyroid for twenty-nine years. No symptoms accom- 
panied the onset of enlargement; later, there developed increase in size after 
menstruation. For ten years, especially in past year, there had been palpitation 
of the heart, headaches, tremor of hands, weakness on exertion, nervousness, 
excitability, sweating, attacks of diarrhea, and loss of weight. The physical 
findings accorded with the above symptoms. There was marked undernourish- 
ment. There was irregular enlargement in the region of the thyroid. The heart 
action was rapid, forceful, and irregular; signs of moderate cardiac hypertrophy 
were present. 
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blood stream; furthermore that this effect does not always occur, 
but when present is a condition of a true “Kropfherz” or goiter 
heart. Another opinion, of a theoretical nature, is that the in- 
creased metabolic processes and increased work demanded from 
the heart result in the myocardial damage. Or further, a view to 
which Goodpasture was inclined, hearts overstimulated by thyroid 
and laboring in a condition bordering on exhaustion are more sus- 
ceptible to injury by toxic substances, e.g. from a mild terminal 
infection. This view, which has some experimental proof, does not 
preclude the possibility of a toxin of hyperthyroidism. Fahr found 
a “Kropfherz” in patients not only dying suddenly after operation 
and without evidence of terminal infection, but also dying with and 
without thymic enlargement. Furthermore, in some fatal cases, 
despite a terminal infection, the myocardium may be found normal 
at necropsy; in the hearts of four patients of one series,^^ no myo- 
cardial damage was evident, though bronchopneumonia had been 
a prominent factor in death. 

In this question a comparison may be drawn with infectious 
disease. In diphtheria, for example, a toxin is always present; yet 
only in some instances may it act on the heart and kidneys to the 
extent that its effect is directly demonstrable or accompanied by 
anatomical changes. 

Summary 

In some cases of hyperthyroidism, certain degenerative and in- 
flammatory changes that occur in the myocardium indicate a toxic 
origin and suggest the presence of a toxin circulating in the blood 
stream. Two cases showng such myocardial changes are reported. 
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or the secretion of an abnormal and presumably toxic product 
(dysthyroidism) has not been settled. The view has been generally 
accepted by clinical investigators that the role played by the thyroid 
is one of hypersecretion. Hyperplasia of the gland is present, there- 
fore hypersecretion. Removal of a portion of the gland, or irradia- 
tion, reduces the degree of activity. Involution of the hyperplastic 
epithelium (through the eSect of iodine) accompanies, or is accom- 
panied by, a moderation of symptoms. The ingestion of thyroxine 
or of dried thyroid gland produces symptoms in man and animals 
of thyroid overactivity. 

On feeding thyroid material to animals, thereby inducing a toxic 
condition, changes in the myocardium have been observed. Bircher^^ 
produced goiter in rats by feeding water from goitrous regions. The 
hearts showed macroscopic hypertrophy, microscopic cloudy swel- 
ling and fatty infiltration of muscle fibers, leucocytic infiltration 
and fibrosis. Farrant found in the hearts of cats and rabbits (fed 
thyroid tissue), general wasting and hyaline degeneration of fibers, 
with few nuclei and no transverse striations present. The animals 
showed a marked general toxic reaction, manifested by rapid loss 
of weight, bodily weakness and diarrhea. Death of the rabbits 
occurred after five to nineteen days. In white rats fed thyroxine, 
Hashimoto found focal myocarditis, later replaced by fibroblasts; 
these foci resembled Aschoff’s rheumatic nodules. Takane^® re- 
ported leucocytic infiltration in the myocardium of his animals fed 
thyroidine and iodine salt. Goodpasture gave one group of rab- 
bits thyroid gland and thyroxine; the animals showed characteristic 
clinical symptoms with definite, but relatively shght, myocardial 
lesions at autopsy. To a second group, similarly treated, he gave 
chloroform and found more striking, widespread myocardial necro- 
sis. On the other hand, Rake and McEachern recently failed to 
obtain any significant or specific changes in the myocardium of 
guinea pigs and rabbits “made hyperthyroid” by intramuscular 
administration of thyroxine. Other investigations, conducted chiefly 
for the effect of thyroid feeding on the size of the heart, report some 
degree of cardiac hypertrophy — Iscovesco in rabbits, Hoskins ^2 
and Hewitt ^3 in rats, Cameron and Carmichael in rats and rabbits, 
Simonds and Brandes in dogs. 

Fahr concludes from his observations that the type of anatomical 
change in the heart indicates the action of a toxin circulating in the 
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Plate 39 

Fig. I. Case i. Left ventricle. Focus of degeneration of myocardium; dif- 
fuse hemorrhage; diffuse l3mipho(ytic infiltration; beginning fibrosis. 

Fig. 2. Case I. Left ventricle. Degeneration of myocardium; diffuse hemor- 
rhage; diffuse l}Tnphocytic infiltration; congestion of capillaries. 
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DiJSerent theories were advanced from time to time to explain the 
origin of the cysts in the generalized form of the disease, as well as 
the single solitary cysts. Beneke suggested that trauma was the 
basis for the formation of the solitary bone cysts and compared them 
to the apoplectic cysts of the brain. The correctness of this view 
was proved by my preceptor Pommer, in 1919, through the study 
of a case of cysts of the humerus in a 22 year old woman. From the 
study of the cyst contents and of the tissue surroimding the cyst 
Pommer established the direct proof for the hematomatous char- 
acter of the process. The contents of the cyst, the hemosiderin de- 
posits in its wall and in the bone marrow spaces of the surrounding 
bone, and furthermore the calcification of the fibrin deposits permit 
of no other ejqjlanation. The serous and albuminous contents of the 
solitary cysts are a mixture of the partly resorbed hemorrhages and 
new transudates. The pressure of hemorrhages upon the veins pro- 
duces a stasis of tissue fluids, which causes the hquefaction of the 
blood content of many of the cysts, and edema of the tissues in the 
i mm ediate vicinity. The blood vessels enclosed in the rigid compact 
bone have only a limited possibility of relieving disturbances of cir- 
culation, in contrast to the vessels in more loosely constructed 
organs. 

The localized areas of loose fibrous tissue replacing the bone mar- 
row were regarded by Pommer as effects of the congestion and irri- 
tation produced by the hemorrhages. These changes, designated as 
“phlegmasia,” the result of a combination of congestion and re- 
active, irritative and inflammatory processes, are therefore second- 
ary. As a result of functional mechanical factors and decreased 
fluid pressure a richly vascular and delicate network of new bone is 
often formed. This new bone is not a primary change, but, like the 
phlegmasia, a secondary result. The more active resorption of the 
surroimding bone is also a secondary result; it is dependent upon 
the pressure of hemorrhages and the increased transudation. These 
two factors, pressure from hemorrhages and increased transudation, 
produce increased bone resorption and eccentric atrophy of the bone 
and afford, also, the possibility for secondary hemorrhages with 
progressive cyst formation. 

Following these fundamental observations by Pommer, Looser, 
in 1924, investigated the nature of the cysts in the so-called general- 
ized osteitis fibrosa. Looser came to the conclusion that the multiple 
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OSTEITIS FIBROSA* 

F. J. Lang 
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In 1891 von Recklinghausen described a complexity of changes 
in different parts of the bony skeleton. Such changes consisted in a 
transformation of the bone marrow into a fibrous connective tissue 
rich in giant cells, and a resorption of the compact cortex followed 
by a replacement with finely porous and often uncalcified new bone. 
Within these fibrous areas were cysts, which von Recklinghausen 
related to liquefaction — necrosis of the connective tissue. Here, 
also, he found the so-called solid brown tumors composed of numer- 
ous, multinuclear giant cells in a spindle cell matrix containing de- 
posits of hemosiderin. These tumors were described as true giant 
cell sarcoma, or a tumor forming osteitis fibrosa, or as osteitis 
fibrosa with cysts and brown tumors. 

In addition to this generalized osteitis fibrosa a localized type of 
the disease was described. Bones, otherwise uninvolved, contained 
localized areas of osteitis fibrosa with cysts and giant cells. These 
cases were accordingly treated as true sarcoma. 

The discussion of the cause and origin of the cysts and giant cell 
tumors has produced a large and rich literature. Without exception 
until 1907 these brown or giant cell tumors were considered to be 
malignant. In this year Lubarsch, studying the case of Gaugele, 
brought forward proof that the giant cell tumor was an entirely 
benign formation of regenerative and resorptive character. Kon- 
jetzny was led to the same conclusion by his studies of the disease. 
Bloodgood considered the process a berign neoplasm and as early 
as 1910 advocated conservative treatment. 

* Annual Gross Lecture. Read October 30, 1931, before the Pathological Society of 
Philadelphia. 
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it is possible to find the productive mechanism. This finding points 
to a relation between generalized osteitis fibrosa and osteomalacia. 
In the genesis of osteomalacia, disturbances of the calcium metabo- 
lism are responsible, and the parathyreoid gland is closely associated 
with such disturbances. 

Such cases of osteitis fibrosa, associated with hyperplasia or 
tumors of the parathyreoid gland, do not contradict the conception 
which regards osteitis fibrosa as a secondary process dependent upon 
circulatory disturbances. In these cases the circulatory disturb- 
ances follow the pathological action of functional trauma upon the 
softened bone. 

Regarding the relation between the parathyreoid gland and cal- 
cium metaboHsm, it is important to note that according to Biedl the 
hormone not only influences the secretion of calcium but also favors 
its resorption. As the calcium content of the blood rises, the elimina- 
tion of calcium by the stomach decreases. The hormone possesses 
the property of fixing the calcimn in the blood and closing its bar- 
riers of escape into the tissues. Hypersecretion by the parathyreoid 
gland leads to osteitis fibrosa, in which condition the blood calcium 
content is substantially increased. It is noteworthy that hyper- 
plasia or tumors of the parathyreoid gland are frequently observed 
in osteomalacia and rickets. 

The relation between parathyreoid hypersecretion and osteitis 
fibrosa is demonstrated by the recent researches of JalTe, Bodansky 
and Blair. Through the administration of parathyreoid extract — 
for example parathormon — these investigators were able to influ- 
ence calcium metabolism and produce osteitis fibrosa. 

As already mentioned, Pommer traced the fibrous transformation 
of the bone marrow to localized congestion and irritative influences. 
Later, while stud)dng a case of osteomalacia, he had a glimpse of the 
relation between osteitis fibrosa and osteomalacia. He was further- 
more able to prove the dependence of osteitis fibrosa upon osteo- 
malacia, and especially its dependence upon the mechanical effects 
of functional activity. 

Following these observations, I made extensive studies (1925) to 
explain the genetic relation between osteomalacia, rickets and 
osteitis fibrosa. I found that the parts of the skeleton that are af- 
fected especially by mechanical function and strain undergo bend- 
ing and cracking because of the insufficient calcification. Under 
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cysts of this disease also had their origin in the hemorrhages into 
bone marrow following trauma. 

In spite of the great frequency of trauma in childhood, progressive 
cysts are found in relatively few cases. The site of the trauma is a 
decisive factor. Cyst formation does not follow injuries to the shaft 
of the bones as frequently as injuries to the epiphyses. The explana- 
tion lies in the fact that the richly vascular and porous juvenile 
epiphysis is especially prone to oft repeated hemorrhages subsequent 
to a comparatively slight trauma. It is also of great importance that 
the products of trauma — hemorrhage, edema and fluid — remain 
localized. Only in incomplete or complete fractures without tearing 
of the periosteum are the preliminary conditions present for the for- 
mation of cysts. Under these circumstances a primary hemorrhage 
leads to pressure upon the efferent vessels. Finally the maintenance 
of functional activity, either partial or total, acts as a pathological 
irritant, important for the production of secondary hemorrhages 
with the above mentioned sequellae. Whenever the trauma tears 
the periosteum, even in incomplete fractures, the blood escapes into 
the surrounding soft tissues and cyst formation does not follow. 

The interpretation by Lubarsch of the so-called giant cell tumor 
as a regenerative and resorptive process, and the recognition by 
Pommer of the blood cysts as a progressive hematoma formation 
clarified the developmental picture of osteitis fibrosa. Thus the two 
processes, which were considered characteristic of the so-called gen- 
eralized osteitis fibrosa, were shown to be dependent on localized 
conditions. Furthermore, after this knowledge of the origin of the 
‘‘phlegmasia ” changes in the bone marrow, there no longer remained 
the necessity of explaining the development of the loose, fibrous 
transformations of the bone marrow as an independent form of 
osteitis fibrosa. 

Yet, almost ever3rwhere, osteitis fibrosa was considered as an in- 
dependent disease and its origin was ascribed to various causes. In- 
flammatory processes especially were considered responsible for the 
localized type of the disease. Other observers believed the localized 
as well as the generalized form of osteitis fibrosa to be a disease of 
unknown origin. Von Recklinghausen advanced the conception that 
generalized osteitis fibrosa was definitely related to osteomalacia. 

In some instances the osteofibrotic changes are associated with 
hyperplasia or tmnors of the parath3nreoid gland, and in these cases 
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osteitis fibrosa will be made, thus confirming the current miscon- 
ceptions on this subject. 

Of all the conditions that are responsible for the origin of osteitis 
fibrosa, the most decisive are the peculiar structure and the circu- 
latory system of bone which allow only a slight possibility for com- 
pensatory adaption to circulatory disturbances. Furthermore, use 
of the bone acts as an irritant under the given pathological con- 
ditions. 

The functional viewpoint has proved to be of the greatest im- 
portance in explaining the question of the relation between osteitis 
fibrosa, osteomalacia and rickets. Likewise in general pathology 
the application of the functional viewpoint promises to clarify the 
origin and relationship of many obscure pathological changes. 
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these conditions, due to the peculiar structure and circulatory sys- 
tem of the bone, a permanent congestion of the blood and lymph 
vessels is produced. This congestion, together with the continuous 
mechanical irritation, leads to osteitis fibrosa. The fibrosis of the 
bone marrow and the increased rebuilding of bone are, therefore, 
not independent processes; they are secondary results of the local- 
ized circulatory disturbances which follow the action of functional, 
mechanical traimia upon insufficiently calcified and softened bone. 

This year (1931) I confirmed these conclusions by experimental 
and clinical studies of rickets and scurvy, and by further studies of 
osteomalacia. In all these diseases I found regularly osteitis fibrosa 
(Figs. I to 8). 

■ The development of osteitis fibrosa following a trauma, producing 
a congestion, a resorptive inflammation and finally a progressive 
hematoma, is comparable to the induration in parenchymatous 
organs following chronic passive congestion. Osteofibrotic changes 
are also observed in inflammatory processes as a result of the con- 
gestion. An example of this is to be found in odontogenetic osteitis 
fibrosa of the jaw. Similar changes exist in the immediate vicinity 
of metastases to bones, as Wagoner has pointed out, in callus forma- 
tions and pseudo-arthrosis, in gout, and about tubercular and syphi- 
litic bone lesions. By these processes are produced the same pressure 
and congestion influences as occur after traumatic hemorrhage into 
the bone marrow. 

This large and varied material establishes beyond doubt the 
secondary nature of osteitis fibrosa and disproves the theory that 
it is two independent processes. 

To close with a few general considerations: von Recklinghausen 
advanced the opinion that, in the bony system, the secondaiy symp- 
toms and sequellae control the disease picture and mask the basic 
factors. This important conception explains the great difficulty in 
arriving at a definite conclusion from the final picture of the disease 
process. We have seen that in rickets, scurvy and osteomalacia, the 
disease picture is dominated by osteitis fibrosa. It is only by exact- 
ing histological methods, designed to show both the calcified and 
non-calcified bone, and by the study of many large sections from 
various bones, seeking the primary changes, unobscured by osteitis 
fibrosa, that we were able to establish the basic nature of the disease. 
Without such careful methods, an incorrect diagnosis of primary 
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Plate 40 

Fig. I. Osteitis fibrosa of the alveolar bone of the lower jaw of a dog in e.xperi- 
mental rickets, with rebuilding of the bone and fibrosis of the bone marrow. 
H5Tjeremia of the blood vessels is shown. 

Fig. 2. Microscopic section of the humerus of a 2 year old girl with rickets. 

Fig. 3. Osteitis fibrosa in rickets, showing deeply stained (calcified) bone sur- 
rounded by a newly formed, non-calcified bone. Hyperemia of the fibrotic 
bone marrow is also shown. High power picture of Fig. 2. 

Fig. 4. Femur of a 3 year old girl with rickets, showing new formation of un- 
calcified bone and fibrosis of the bone marrow. 
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Plate 41 


Fig. 5. Fibrosis of the bone marrow and rebuilding of the bone in rickets in a 
10 months’ old bo^^ On the left side of the figure Ij-mphoid bone marrow is 
seen. 

Fig. 6. Tibia, showing “phlegmasia” of the bone marrow and increased re- 
building of the bone in a case of osteomalacia in a 48 year old man. 

Fig. 7. Fibrosis of the bone marrow and new formation of uncalcified bone in 
osteomalacia in a 78 year old woman. Calcified bone deeply stained. 

Fig. S. Osteitis fibrosa with fibrosis of the bone marrow and rebuilding of the 
bone in osteomalacia in an 80 year old woman. 
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Guamieri bodies represent, in part at least, colonies or masses of 
Paschen corpuscles. 

Technique 

Bacteria-free virus in fresh infected rabbit’s testis (Levaditi 
neurovaccine) was used to initiate the infection. While we have 
been able to infect the chick membrane with glycerinated virus, the 
result is more uncertain, and we recommend the use of fresh in- 
fected tissue from the rabbit’s testis as a constant source of original 
virus. 

Since the infection “takes” rapidly and the lesion evolves readily, 
requiring only two or three days for its development, we have found 
it most satisfactory to use chick embryos of 12 days’ incubation. 
At this stage the membrane is well formed and easily accessible. 
By candling the egg the air-cell and the membrane can be outlined 
with a wax pencil. A thin coat of melted paraJBSne is laid over the 
shell where the window is to be cut. The egg is then placed in a bowl 
of warm water (40° C) and rested upon a mass of plasticene which 
has been properly indented to receive it. This holds the egg in the 
suitable position. The water should come almost up to but not over 
the parafiined surface. With a hard steel trocar, ground with a tri- 
angular end to a sharp point, a window i or cm. square is cut in 
the paraffined surface. If the sides have been well cut the overlying 
shell can be easily removed by lifting it at one comer with fine 
pointed forceps. The exposed shell membrane may be unruptured, 
though frequently it is more or less injured. A thin coat of melted 
paraffine (about 45° C) is laid over the cut edges of the shell and 
the exposed shell membrane with a cotton swab. With the point of 
a pair of fine curved forceps the shell membrane may be tom from 
beneath outward on three sides, folded outward and the fourth side 
cut with small scissors. These procedures tend to prevent infection 
from broken bits of shell. The instruments used are kept sterile by 
passing them through the flame of a Bunsen burner. 

When the membrane is exposed a bit of infected tissue (rabbit 
testis or membrane) about the size of a pin-head is placed upon it. 
A mixture of sterile vaseline and paraffine in a 10 cc. record syringe 
is used to lay a ring about the opening and upon this a sterile cover 
glass is placed and pushed dowm to seal it completely. The egg is 
then returned to the incubator with the window up. It may be e-x- 
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Notwithstanding a certain amount of confusion which has at 
times existed concerning the possibility of an identity of fowl-pox 
and variola-vaccinia, there are now several studies on record which 
show that although chickens are susceptible to infection with vac- 
cine, fowl-pox is a distinct disease both immunologically and in the 
cytology of its lesions (Levaditi and Nicolau, Ledingham, Lowenthal 
et als., Andervont, Woodruff). Andervont ^ was able to demonstrate 
Guamieri bodies in vaccinal lesions of chickens, and this was con- 
firmed by Woodruff," who pointed out essential distinctions between 
these inclusions and the Bollinger bodies of fowl-pox. 

In a recent communication we reported the successful infection 
of the chorio-allantoic membrane of chick embryos with vaccinia 
virus, following the method of inoculation described by Woodruff 
and Goodpasture ® in their study of fowl-pox of this membrane."* In 
the present report we wish to describe in greater detail vaccinal in- 
fection of the membranes of the chick embryo, with especial refer- 
ence to the cytology of the lesion and the seeming relationship 
between the Guamieri bodies and the Paschen corpuscles which 
constitute the specific elements. 

While the Guamieri bodies are by every investigator of the sub- 
ject regarded as specific for variola-vaccinia, there is perhaps still 
skepticism as to the specificity of the Paschen granules and no one 
as yet has been able to demonstrate a relationship between these 
two important stmctures, although many agree with the view of 
Paschen that the elementary corpuscles represent the actual virus of 
the disease.® 

Vaccinal lesions in the chorio-allantoic membrane of embryo 
rbicks afford an unusual opportunity to study both of these morpho- 
logical elements and, we believe, furnish good evidence that the 

* Received for publication Februar)’’ 3* I 932 - 
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Infected cliick embryos usually die on the fourth day after inocu- 
lation, and we have found the 48 hour period best for transplantation 
and general study, though 72 hours is often a satisfactory interval. 

Serial Transfers 

In one series of experiments the virus was carried through eight 
generations in embryos, in another series it reached the fourteenth 
generation. For some reason, probably technical, the fifteenth 
generation failed to “take.” In these passages there did not appear 
to be any diminution in virulence, so far as the appearances of the 
lesions were concerned. 

The virus in the eighth generation was inoculated upon the skin 
of baby chicks after plucking the down. Macroscopic nodules, 
about I mm. in diameter, corresponding to down follicles, appeared 
at the site of inoculation within three days. Remaining apparently 
stationary for two or three days they rapidly receded. Two weeks 
after their recovery from vaccinia these chicks were inoculated with 
fowl-pox virus, and infection ensued which ran a typical course. 
This experiment confirms the result of other observers, that vac- 
cinia in the chick confers no immunity to fowl-pox. 

Histology 

The infected membrane may be considerably thickened, though 
not so much so as in fowl-pox. The swelling is due to a variety of 
causes, least of all to cellular h5'perplasia, which is the chief response 
to fowl-pox. 

In the vaccinal infection inflammatory changes and hemorrhage 
are mainly responsible for the increase in thickness, and this is 
especially marked in the older areas of involvement. At the ex- 
treme advancing edge one finds the latest effects which are char- 
acterized by moderate edema, perhaps some capillary hemorrhage 
and slight hj^Dcrplasia, both of ectodermal epithelium and endo- 
thelial cells. The entodermal epithelium is slightly, if at all, af- 
fected. As the earlier infected areas are approached, ectodermal 
epithelium is found to be necrotic and its capillaries filled with 
cellular debris. Inflammatory exudate in the mesodermal layer i.s 
increased in abundance and consists largely, in addition to red blood 
cells, of pol}Tnorphonuclear leucocytes. There are also admixed wdlh 
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amined on succeeding days by placing the window under a dissecting 
microscope. 

When it is desired to open the egg to examine and remove the in- 
fected area, the cover slip is pulled off and frequently the vaseline 
comes off with it. If not, it can easily be scraped off with a sterile 
scalpel. The window is enlarged to the desired size by breaking off 
the edges with sterile forceps. The infected membrane may then be 
cut out with small scissors and placed in a petri dish containing 
sterile isotonic fluid. 

The Vaccinal Lesions of the Membrane 

After 24 hours the membrane appears somewhat thicker, grayer 
and more opaque about the bit of inoculum, and after 48 hours 
there is a zone about i cm. wide, thickened, gray, opaque and 
usually flecked with small hemorrhages. Sometimes almost the 
entire area is red and hemorrhagic. At this stage there is a gray 
advancing margin which is best for histological study. In the center 
there may be a brownish area of necrosis, variable in size. After the 
lesion has been extirpated a bit of tissue from the thickened and 
hemorrhagic area is removed with scissors and smears from this are 
stained by Morosow’s method ® to determine the presence of Paschen 
bodies. These bodies appear in enormous numbers m the infected 
membranes at the 48 hour period and after. Their presence is di- 
agnostic of vaccinal infection. Other smears are stained with 
Loeffler’s methylene blue to determine the presence of bacteria. If 
Paschen corpuscles are abundant and no bacteria are demonstrable, 
a piece of infected membrane about 0.5 mm. in diameter is inocu- 
lated upon the membrane of each of five or six embryos for con- 
tinuing the passage. Pieces of the remaining infected membrane 
are then inoculated into culture media and others are kept in the 
icebox or in glycerol (50 per cent in 0.9 per cent saline). Tissue for 
histological study is taken from the advancing margin and fixed 
immediately. 

The preparations used in the present histological study were fixed 
in Zenker’s solution (10 per cent glacial acetic acid), and stained in 
a 2 per cent aqueous solution of acid fuchsin for 10 to 30 minutes, 
washed and counterstained about 30 seconds with Loeffler’s methy- 
lene blue, differentiated in absolute alcohol, cleared in jylol and 
mounted in cedar oil. 
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material is very abundant and sometimes almost completely re- 
places the cellular C3d;oplasm. In other cells it is more dispersed and 
is scattered through the cytoplasm in fine and coarse granules. 
Similar intracytoplasmic masses, often reaching a relatively large 
size, are found abundantly in endothelial cells and fibroblasts of the 
mesodermal layer. These masses have the morphology and the 
staining characteristics of Guamieri bodies. They are especially 
well marked in the cells composing the endothelial nodules. Isolated 
fibroblasts show them quite distinctly. They are to be found typi- 
cally also in endothelial cells lining veins and capillaries. Adventitial 
cells, as well as endothelial cells, composing the walls of larger blood 
vessels, often show these characteristic Guamieri bodies, and one 
sometimes gets the impression that they are present in smooth 
muscle cells as well, but this is still doubtful. 

The entodermal cells lining the infected area frequently contain 
numerous Guamieri bodies, and here they have more the typical 
stmcture of these inclusions as they are usually to be seen in the 
comeal epithelium of the infected rabbit’s eye. That is to say, they 
are apt to be small, single, discrete, more compact and more densely 
stained. They he in a clear space next to the nucleus. In areas of 
hyperplasia of entodermal cells, however, they may become larger 
and more granular, simulating those of the ectodermal and meso- 
dermal cells. 

One gets the impression that the entodermal cehs offer consider- 
ably more resistance to the infection than the cells of the other two 
germinal layers, and this may account for the variation in the mor- 
phology of the Guamieri bodies. 

It is to be emphasized that the chief, if not all “included,” ma- 
terial within any of these ceUs is that which composes the Guamieri 
bodies. This is of great importance in view of the appearance found 
in smears from the membranes stained by Morosow’s method to 
demonstrate Paschen corpuscles. 

Paschen Corpuscles 

If fragments of fresh, infected membrane be placed in distilled 
water and examined under the oil immersion lens, one frequently 
sees round or oval masses, apparently within the cytoplasm of cells, 
whidi are composed almost entirely of minute, uniform granules 
oscillating rapidl}’^ in Bro^vnian motion. These granules have the 
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these, large rounded mononuclear cells which may be either dis- 
oriented endothelium or fibroblasts. Occasionally mitotic figures 
are found in the large cells. The entodermal epithelium in these 
areas may show considerable hyperplasia, but usually no necrosis. 
In the earliest areas of infection these changes are accentuated, and 
there may be inflammatory cells in the entodermal layer and necro- 
sis. At the advancing margin, capillary endothelium sometimes 
undergoes active focal h3^erplasia, indicated by small isolated 
groups and whorls of these cells in the form of tiny nodules. 

From a histological standpoint the virus seems to affect ecto- 
dermal epithelium first and most profoundly, mesodermal cells less 
markedly and entodermal epithelium least of aU. No vesicles are 
formed. The infection seems to spread diffusely and centrifugally, 
affecting the entire membrane as it goes. There is no evidence thus 
far that lesions occur in the embryonic tissues other than at and 
about the site of inoculation in the chorio-allantoic membrane. We 
have not yet made a study of the dissemination of the virus in the 
embryo. 

Guarneeri Bodies 

In sections stained to demonstrate Guarnieri bodies, very marked 
changes are to be found in practically all types of cells of the fixed 
tissue. In order to study these changes to the best advantage one 
must examine the latest stages in the advancing edge of the infection 
in the membrane. Injury is profound and the cells rapidly undergo 
disintegration. It seems probable that there is only a short interval 
in which the cellular inclusions may be seen to best advantage. The 
Guarnieri bodies develop in abundance in the cells before there is any 
evidence of inflammatory cellular exudate. 

Guarnieri bodies are best observed in the ectodermal cells. Prac- 
tically all of these cells in the recently infected areas, when intact, 
show the “included” material in their cytoplasm. Here the bodies 
occur in irregular clumps and masses, perinuclear or paranuclear in 
arrangement. The cytoplasmic masses are granular and rather 
amorphous. The material stains for the most part with fuchsin in 
our preparations, though sometimes it is flecked with bluish gran- 
ules. The granular material is fairly dense when properly differen- 
tiated and lies in a clear area. The inclusions, when single, are often 
triangular in shape with the base next to the nucleus. The Guarnieri 
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SO that in smearing they do not rupture to spread their content of 
corpuscles. The action of tr3Tpsin has the opposite effect, in that it 
tends to disassociate cells and to rupture them; consequently dis- 
persed Paschen corpuscles are extremely abundant in the smears 
from tissue treated with it. 


Discussion 

It has recently been shown that the specific cellular inclusion 
(Bollinger body) of fowl-pox is composed in large part of uniform 
granules which correspond in their morphology, numbers and stain- 
ing reaction with the Borrell bodies previously demonstrated in 
smear preparations. Furthermore, these specific inclusions have 
been isolated, washed and inoculated, both whole and in fractions, 
into chickens, with resulting successful infections.'^ Thus it has been 
shown that the cellular inclusion of fowl-pox carries the infectious 
agent; and the evidence is very strong that this agent is morpho- 
logically represented by the BorreU granules. 

In molluscum contagiosum the specific inclusions have also been 
shown to be composed of minute granules (Lipschiitz granules) 
which correspond in size, numbers and staining reaction with the 
Borrell granules of fowl-pox. Owing to the sticky consistency of 
these intracellular masses it has not been possible to isolate them 
and prove their infectiveness, although in all other respects, includ- 
ing resistance to tr3q)tic digestion, the Lipschiitz granules resemble 
the Borrell corpuscles.® 

In these two viral infections, characterized clinically by a pox, 
it has been determined that the specific cellular inclusions are com- 
posed in large part of uniform corpuscles which are small enough to 
be filterable and numerous enough to account for the infecti'ousness 
of great dilutions of original material. 

Variola-vaccinia is also characterized by a pox, and there are 
specific cellular inclusions (Guarnieri bodies) in the lesions. Further- 
more, Pasclien and others have demonstrated the great constancy 
of minute corpuscles (Paschen corpuscles) in smears from early 
lesions. These granules have the same size and staining qualities as 
those of Borrell and Lipschiitz, and they have been shown to be 
agglutinable by vaccinal immune serum (Paschen, Ledingham”). 
Up to the present time, however, it has not been possible to deter- 
mine any relation between the Guarnieri bodies and the Paschen 
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size, uniformity of structure and numbers which correspond to the 
Paschen bodies so abimdantly demonstrable in smear preparations. 
The masses are not so numerous, however, as Guamieri bodies are 
known to be in the same tissue, and we have not been able positively 
to correlate the two structures in fresh preparations. 

Smears made directly from a piece of fresh, untreated membrane 
and stained by the Morosow method show enormous numbers of 
Paschen corpuscles diffusely scattered, and also in distinct masses.® 
It appears from these smears that the Paschen bodies occur origi- 
nally in rather sticky groups which, in the process of making the 
smear, adhere to each other, forming relatively large clumps of ma- 
terial resembling closely similar masses occurring in smears from 
fowl-pox. About the edges of these cliunps are the discrete Paschen 
bodies which give the clue to the composition of the whole. 

In the smears made directly in this way there are a very few intact 
cells, so that it is difficult usually to detect any relationship between 
the Paschen corpuscles and cells. However, if a piece of membrane 
is placed in i per cent tr3^sin solution for 30 minutes, it becomes 
softened and smears made with it show many intact cells that evi- 
dently have become dislodged from the loosened stroma. Many of 
these cells show in their cytoplasm one or more masses correspond- 
ing in size to the Guamieri bodies, and in those cells which are spread 
out or partially ruptured by smearing, it can be seen readily that the 
intracellular stmctures are composed of compact agglomerations 
of uniform, round, minute corpuscles, measuring approximately 
0.25 microns in diameter, although enlarged by the staining method. 
These are the Paschen corpuscles, and from a morphological stand- 
point we have no doubt that the intracellular masses of them are 
identical with the Guamieri bodies found so abundantly and so large 
in the stained sections. No other observed intracellular structures 
could account for them. 

Another experiment indicates that all the dispersed Paschen 
corpuscles originate from ruptured cells. If one places a small piece 
of membrane in i per cent acetic acid for 5 minutes, then washes it 
and makes a smear, there are few if any dispersed Paschen cor- 
puscles, but hyaline masses, for the most part compact, are present 
within and about the cells; and some of these are to be found smeared 
out tliin enough to see that they are composed of the minute Paschen 
bodies. The acetic acid evidently fixes the cells, at least partially. 
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luscum contagiosum, restricted in its growth to ectodermal epi- 
thelium, through fowl-pox, which will grow apparently only in 
ectodermal and entodermal epithelium, to vaccinia, which finds its 
growth requirements satisfied in cells of all three germinal layers. 

This fact no doubt has a bearing upon the cultivability of these 
viruses in tissue culture. MoUuscum contagiosum would probably 
require a culture of ectodermal epithelimn to initiate its gro^vth. 
We have not succeeded in cultivating fowl-pox in cultures of meso- 
dermal cells of the chick, and the cytology of its lesions suggests that 
it needs either a culture of ectodermal or of entodermal epithelium. 
Many investigators, however, have been able to cultivate vaccinia 
virus through several generations in a medium containing meso- 
dermal cells of the chick, and our investigations confirm, from a 
cytological standpoint, the possibility of a generation of vaccine in 
either endothelium or fibroblasts.^ 

The method of infecting the chorio-allantoic membrane of chick 
embryos \rith vaccine offers an opportunity for further studies upon 
the Paschen corpuscles which appear in the lesions in great numbers, 
and it also provides a means of generating large quantities of sterile 
vaccinal virus. 


Summary 

1. Vaccinal lesions of the chorio-allantoic membrane of chick 
embryos are described. 

2. Guamieri bodies have been demonstrated for the first time in 
mesodermal cells (endothelium and fibroblasts). 

3. Evidence has been presented that the Guamieri bodies are 
composed in part of Paschen corpuscles. 

4. Similarities between Borrell corpuscles (fowl-pox), Lipschiitz 
corpuscles (molluscum contagiosum) and Paschen coipuscles (vac- 
cinia) are pointed out. 

5. It is suggested, on the basis of the cytology of the lesions, that 
the ^^ms of molluscum contagiosum would require a culture of 
ectodermal epithelimn to initiate its growth outside the body; fowl- 
pox v/ould require either ectodermal or entodermal epithelium; while 
vaccinia would multiply in a culture of cells from any of the three 
germinal layers. 
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corpuscles, although Ewing was able to demonstrate in Klatsch 
preparations a granular composition of some of these structures in 
cells from the rabbit’s cornea. By analogy with fowl-pox and mol- 
luscum contagiosum one would suspect that the former might be in 
part composed of the latter. Our experiments seem to show that 
this is the case. 

Observations which support this conclusion depend upon the fact 
that vaccinal infection of the chorio-allantoic membrane of chick 
embryos results in the appearance of unusually abundant and large 
Guamieri bodies, and in extremely munerous Paschen bodies. In 
smear preparations from these lesions it has been possible to demon- 
strate structures which are interpreted to be Guamieri bodies par- 
tially disintegrated within the cells, so that their component gran- 
ules can be seen readily. 

Although Paschen has frequently observed the corpuscles of 
vaccinia inside cells in smear preparations, he has not been able to 
relate them definitely to the Guamieri body. He interprets them, 
however, to be the infectious agent and judges that they multiply 
in part, at least, inside the cells. 

There is thus strong evidence, not only that the vimses of vac- 
cinia, fowl-pox and moUuscum contagiosiun are cytotropic in the 
usual sense of having an especial affinity for cells, but that they are 
cyiotrophic, if we may use this term to mean that they require under 
natural conditions an intracellular environment for their growth. 

There is an interesting variation in the cellular affinity of the 
three vimses under consideration, brought out in the case of two of 
them by infection in the chorio-allantoic membrane of the chick 
embryo. MoUuscum contagiosum has not yet been successfully en- 
grafted upon a host other than man, but so far as one knows, it 
affects only and specifically ectodermal epitheUal ceUs in this natural 
host. 

Fowl-pox, readily moculable upon the chick membrane, affects 
both ectodermal and entodermal epitheUum, although the latter is 
changed relatively sUghtly. Vaccinia, on the other hand, affects 
cells of the three germinal layers, ectoderm, mesoderm and ento- 
derm. In our studies it has been shown for the fiorst time that Guar- 
nieri bodies may occur not only in ectodermal and entodermal 
epitheUum,^^ but also in endothelial ceUs and fibroblasts. There is 
thus an increasing latitude of ceUular affinity as we pass from mol- 
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All photomicrographs taken at a magnification of 1800 diameters. 

Plate 42 

Fig. I. Epithelial cells of ectoderm showing large irregular Guamieri bodies. 

Fig. 2. Epithelial cells of entoderm showing more typical Guamieri bodies. 

Fig. 3. Epithelial cells of ectoderm showing irregular Guamieri bodies dif- 
fusely distributed through the cytoplasm. 
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Plate 43 

Fig. 4. Vein showing two Guarnieri bodies within lining endothelial, cells. 
Figs. 5 and 6. Guarnieri bodies in capillary endothelium. 

Figs. 7 and 8. Guarnieri bodies in fibroblasts. 

Fig. 9. Endothelial “nodule” showing Guarnieri bodies. 
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Plate 44 


Fig. 10. Endothelial “nodule” showing Guarnieri bodies. 

Figs, ii and 12. Cells in smear preparations showing unresolved intracjdo- 
plasmic masses, which in thinner portions are seen to be composed of 
Paschen corpuscles. 







Plate 45 


Figs. 13 and 14. Cells from a smear preparation showing unresolved and re- 
solved intracellular groups and masses of Paschen corpuscles. Ko filter. 
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and to compare these nodules with those occurring in acute rheu- 
matic fever. 

Clinical Data 

Material and Method: The patients studied were, for the most 
part, those who during the past year came to the outpatient depart- 
ment of the Medical School at the University of Minnesota for 
treatment of chronic arthritis. Subcutaneous nodules were carefully 
sought in 200 consecutive patients with chronic arthritis. The 
nodules were studied in respect to frequency, location, size, shape, 
consistence, development and duration. Nodules from twenty pa- 
tients were removed and examined grossly. They were then cut into 
two or more parts under sterile conditions. A portion was fixed for 
microscopic study and another portion was cultured for bacterial 
growth. The histological structure of subcutaneous nodules found 
in chronic arthritis was compared with the structure of nodules of 
acute rheumatic origin and with experimental streptococcic nodules 
from rabbits. 

Frequency: Dawson and Boots stated that the incidence of sub- 
cutaneous nodules in the 200 cases of “rheumatoid” arthritis ex- 
amined by them was about 20 per cent. They believed that this 
might be higher than the general average, inasmuch as patients with 
subcutaneous nodules were sent to them because of their known 
interest in these lesions. Cecil ® referred to them as being present in 
from 3 to 4 per cent of the cases. 

In our series of 200 patients with chronic arthritis, subcutaneous 
nodules w^ere found in fifty-nine (29.5 per cent). We have not at- 
tempted to determine the relative frequency of the nodules in the 
different classes of non-specific chronic arthritis, since we have not 
been able to group our arthritic patients satisfactorily into different 
distinct classes such as rheumatoid arthritis (atrophic, proliferative), 
and osteo-arthritis (h3q)ertrophic, degenerative). Forty-eight of the 
fifty-nine individuals with nodules were 50 years of age or older. 
Some of these cases presenting definite nodules would be classified 
by many as osteo-arthritis (hypertrophic, degenerative). The fol- 
lowing history illustrates such a case: 

F. P., aged 75 years, complained for the past five years of joint pains 
invohing the toes, anUes, knee, right hip, fingers, wrists and cervical spines. 
The onset of illness was gradual, with moderate pain and stiffness in multiple 
joints. A definite nodule i cm. in diameter was found overlying the ulna 2 inches 
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Nodules varying in size and consistence are commonly found in 
the loose connective tissue beneath the skin in individuals with 
acute rheumatic fever. These nodules have been seen repeatedly 
by different observers and have come to be looked upon as a char- 
acteristic clinical and pathological finding in this condition. 

Hillier^ in 1868 was one of the first to describe these lesions. 
Me)met2 in 1875 first pointed out that they bore a direct relation 
to acute rheumatic fever. Coates and Coombs® considered sub- 
cutaneous nodules the most specific manifestation of rheumatic 
fever. 

Not many observations have been reported concerning the fre- ' 
quency and structure of subcutaneous nodules seen in chronic 
arthritis. Hawthorne ^ described subcutaneous nodules in six pa- 
tients and considered rheumatic fever and rheiunatoid arthritis 
different manifestations of the same process. Garrod ® also observed 
subcutaneous nodules in chronic arthritis. Wick® saw a relation 
between the nodules found in chronic arthritis and those seen in 
acute rheumatic fever. Subcutaneous nodules in cases of chronic 
arthritis were also described by Coates and Coombs, Freund,^ and 
Dawson and Boots.® 

If it should be shown that subcutaneous nodules are found as 
frequently m chronic arthritis as in acute rhemnatic fever, and that 
the structure and etiology of the nodules in the two diseases are 
similar, important data would be supplied concerning the etiology 
of chronic arthritis. Help might also be obtained toward classifying 
the chronic arthritides from the etiological standpoint. 

The object of this paper was to study the frequency, structure 
and bacteriology of subcutaneous nodules seen in chronic arthritis, 

* Received for publication January ii, 1932. 
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tremities than on the lower. In fifty-nine patients nodules were 
found in seventy-seven locations (excluding bilateral symmetrical 
occurrences). Sixty-three of these locations were on the upper ex- 
tremities, twelve on the lower extremities and two over the sacro- 
iliac joints. The distribution was as follows: 


Location Incidence 

Upper Exiremilies 

Olecranon processes 28 

Fingers (over joints) 13 

Below elbows 12 

Dorsum of hand 7 

Palmar surface of hand 2 

Fingers (dorsum and between joints) i 

Total 63 

Lower Extremities 

Tibia (upper half) 4 

Dorsum of foot 4 

Plantar surface of foot 2 

Knee (outer and lateral aspects) 2 

Total 12 

Trunk 

Sacro-iliac joints 2 


Gross Appearance: On clinical examination the nodules were 
found to vary in diameter from 5 mm. or less to 3 cm. (Figs, i and 2). 
Those occurring over the olecranon processes tended to be small and 
those located below the elbow were frequently large. On superficial 
examination all were movable and not attached to the skin, but 
some were fairly firmly attached to the underlying tissues. On pal- 
pation most of the larger nodules were cystic and in some of the 
cysts a number of firm, disconnected masses of tissue could be felt. 
These masses within the ej’^sts were occasionally attached to ten- 
dons. This was especially true on the dorsum of the hand. 

The nodules were generally easily removed. They often had a 
definite capsule but in some instances this was poorly defined. When 
sectioned and examined grossly, multiple areas of necrosis sur- 
rounded by fibrous tissue were usually seen. Necrotic and mucinous 
material could frequently be expressed from the center. In none of 
the cases did we find the nodules calcified, as reported by Wick. 
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below the olecranon process. This nodule showed microscopically a structure 
similar to that found in other cases of chronic arthritis and acute rheumatic 
fever. The X-ray report of the right knee, right wrist, fingers, ankles, toes and 
cervical spines was “hypertrophic arthritis” in all except the ankles, which 
showed no change. 

The individuals with nodules did not fall into any definite group 
and could not be distinguished in any way from a large number of 
arthritics without nodules. 

Symptoms: The patients were frequently unaware of the presence 
of the nodules. In a few instances there was slight pain at times, 
especially in the nodules over the elbows when they were trauma- 
tized. Three persons having nodules on the plantar surface of the 
foot complained of pain in the location of the nodule and walked 
with a decided limp, which was definitely relieved after the nodules 
were removed. In one person a large nodule on the dorsum of the 
hand caused difSculty in extending the fingers. 

Duraiioti: In most cases it was difficult to determine the duration 
of disease since the patients had not known of the presence of the 
nodules. In a number of persons the nodules were known to have 
been present from a few months to as long as fifteen years. A few 
individuals described what appeared to have been nodules, which 
spontaneously disappeared after having been present from a few 
months to a few years. 

Distribution: The nodules in this series were found chiefly on the 
extremities. They were not searched for as carefully on the tnmk 
and spine in all individuals.- There would seem to be no reason why 
nodules might not occur in such locations. Two patients had nodules 
in bilateral arrangement over the sacro-iliac joints. Nodules fre- 
quently occurred bilaterally in the same location, especially over 
and below the elbows. In one individual there were nodules similar 
in size over the dorsum of each hand. These nodules were attached 
to the lower surfaces of the tendons running to the little fingers. In 
another person nodules of the same size were found on the dorso- 
lateral surfaces of both feet, just behind the little toes. Twenty- 
four of the fifty-nine patients had a more or less symmetrical bi- 
lateral distribution of the nodules. This was especially true over 
the elbows. 

Nodules were frequently multiple in the same location, especially 
over the olecranon processes, about the finger joints and over the 
tibias. They were found much more frequently on the upper ex- 
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in structure in different nodules and considered this variation to be 
due to different stages of development. He considered the primary 
reaction in the nodule an exudate of polymorphonuclear leucocytes, 
which was followed by a wandering in of round cells and by a pro- 
liferation of the surrounding connective tissue. 

SwiEt described the nodules as being made of a conglomerate num- 
ber of smaller nodules. The cellular structure was similar to the 
structure of nodules found in the heart and other parts of the body. 
Clawson studied nodules of acute rheumatic fever histologically in 
serial sections. The nodules under low magnification give the im- 
pression of multiple confluent granulomas. They are composed of 
multiple inflammatory foci of similar structure. The inflammatory 
reaction is chiefly proliferative and polyblastic in type, i. e., fibro- 
blasts and polyblasts are the most conspicuous cellular elements. 
Many of the polyblasts are multinucleated. Some pol)miorpho- 
nuclear leucocytes are found and there are irregular areas of necrosis. 

Experimental Streptococcic Suhcuianeous Nodules: Areas of poly- 
blastic inflammation were observed by Small in a papule develop- 
ing at the site of an intradermal injection of a streptococcic vaccine. 

In previous experiments, in a relatively high percentage of rabbits 
which had been injected intradermally and subcutaneously with 
strains of streptococci, Clawson produced small, nodular, poly- 
blastic lesions that were similar in the character of the cellular re- 
action to the subcutaneous nodules found in rheumatic inflamma- 
tion in man. 

Workers who have studied the subcutaneous nodules agree that 
the nodules consist of proliferating connective tissue cells and a 
cellular exudate of lymphocytes, plasma cells and polymorpho- 
nuclear leucocytes hi varying nmnbers. In the center of most of the 
nodules there is some necrosis. 

Subcutaneous Nodules in Chronic Arthritis: There have not been 
many microscopic examinations of subcutaneous nodules of chronic 
arthritic origin. Wick studied the histological structure of subcu- 
taneous nodules from chronic arthritis and acute rheumatic fever, 
and found a marked similarity in the two conditions. Coates and 
Coombs compared the histological structure of nodules from acute 
rheumatic fever, from chronic rheumatoid arthritis, from Still’s 
disease, and from a case of subacute bacterial endocarditis. They 
decided that the structure of the nodules in tliese conditions was 
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The nodules were grossly not unlike those sometimes occurring 
with syphilis and referred to as juxta-articular nodules. Subcutane- 
ous nodules in syphilitic patients coming to the outpatient depart- 
ment have been found to be rare. 

Microscopic Structure of Nodules 

A comparative study was made of the structure of subcutaneous 
nodules seen in acute rheumatic fever, of nodules produced experi- 
mentally by injecting streptococci in small doses subcutaneously 
into rabbits, and of nodules found in individuals with chronic 
arthritis. 

Subciitamous Nodules in Acute Rheumatic Fever: Hirschsprung 
in 1881 gave the first microscopic description of subcutaneous 
nodules found in patients having acute rheumatic fever. The 
nodules which he studied consisted of different modifications of con- 
nective tissue cells which varied in size and shape. The cells were 
irregular and spindle-shaped, and contained one or more vesicular 
nuclei larger than those found in ordinary granulation tissue. There 
was a homogeneous ground substance between the cells. The num- 
ber of blood vessels was increased. He considered the nodule a 
localized area of inflammation which had a tendency to undergo 
necrosis. 

Barlow and Warner, Swift, “ and Clawson, Bell and Hartzell 
observed that the cellular reaction in a rheumatic subcutaneous 
nodule was similar to that found in the heart valves in acute rheu- 
matic endocarditis. Cavafy called attention to the presence of 
proliferative endarteritis in the nodules from acute rheumatic fever. 
This endarteritis sometimes became extensive enough to close the 
lumen of the vessels entirely. 

The subcutaneous nodules were found by Futcher to consist of 
fibrous tissue in various stages of development, and the cellular 
element to be made up of small round cells, fibroblasts, polymorpho- 
nuclear leucocytes and giant cells. Some of the giant cells contained 
as many as twenty-six nuclei. 

Frank observed peripheral and central zones in the nodules. 
The central area was a homogeneous mass which stained red with 
eosin. He decided that this homogeneous material was fibrin. The 
peripheral zone consisted partly of spindle cells and partly of epi- 
thelioid cells. There were numerous leucocytes. He noted variation 
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pockets or abscesses. The nodules in these cases of chronic arthritis 
simulate abscesses more closely than the acute rheumatic nodules 
which we have studied. These necrotic, abscessed areas, since they 
contain streptococci, would probably tend to bring about a state of 
hypersensitiveness to streptococci in the patient. The small blood 
vessels in practically all cases show a marked perivascular increase 
in polyblasts, polymorphonuclear leucocytes and small lymphocytes. 
In some vessels the walls are thickened and the endothelium has 
swollen to the extent of almost obstructing the lumen. Depending 
apparently upon the age of the nodules, there are in most instances 
varying degrees of fibrosis around and about the smaller, nodular, 
granulomatous or necrotic areas. 

The structure of the nodules from chronic arthritis does not differ 
in any respect, except degree, from that described in the nodules in 
the subcutaneous tissues, joints, tendons, galea aponeurotica, dia- 
phragm, tongue, tonsils, arteries, heart valves, and auricles and 
ventricles of the heart in acute rheumatic fever. It is the structure 
so commonly foimd in acute rheumatic fever, or in nodules produced 
experimentally m anhnals by injecting streptococci. The cellular 
reaction in the three conditions seems probably be due to the same 
cause. This type of cellular reaction is found in other streptococcic 
infections. The necrotic and cellular reactions and the vascular 
changes can be produced experimentally in rabbits and monkeys by 
injecting streptococci of low virulence m small numbers. The fact 
that subcutaneous nodules structurally similar to subcutaneous 
nodules in acute rheumatic fever are found in so high a percentage 
of cases of chronic arthritis strongly suggests a common etiology, at 
least in most cases. 

Bacteriology of Subcutaneous Nodules 

Diplococci were demonstrated in smears from acute rheumatic 
subcutaneous nodules by Boynton and Paine.-® Costa was able 
to culture streptococci from rheumatic nodules. Irish ^ obtained 
material from rheumatic subcutaneous nodules by puncturing them 
with a needle. Of the six cases examined by this method he ob- 
tained streptococci in three. Swft,^ in describing reactions pro- 
duced in rabbits by injecting streptococci, referred to strains iso- 
lated from subcutaneous nodules from acute rheumatic fever. 
Leichtentritt found streptococci in one of three nodules cultured. 
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closely related, if not identical. Freund also gave a description of 
the microscopic structure of nodules in cases of chronic arthritis and 
discussed the relation between rheumatic fever and rheumatoid 
arthritis. Dawson and Boots observed in their fourteen cases of 
rheumatoid arthritis areas of central necrosis, which they thought 
were due to a gelatinous swelling and disintegration of collagenous 
bundles. They found this necrosis to be more extensive than that 
found in the nodules of acute rheumatic fever. They also found 
fibrin and an inflammatory cell infiltration in the areas of central 
necrosis in some instances. Large mononuclear cells were situated 
around the necrotic centers, generally in a radial arrangement. 
They considered these cells and their arrangement to be responsible 
for the characteristic appearance of the lesions. The blood vessels 
showed subendothelial deposits of fibrin, hyperplasia of the suben- 
dothelial cells with narrowing of the lumen, and perivascular cell 
infiltration by large and small round cells. 

We have examined microscopically subcutaneous nodules re- 
moved from twenty cases of chronic arthritis. The structure in gen- 
eral is similar to that described by Dawson and Boots and others. 

The nodules removed are found in most instances to be made up 
of multiple inflammatory areas (Fig. 3). The centers of these areas 
commonly show varying stages of necrosis (Fig. 4). In the smaller 
nodules only necrotic nuclear changes such as pyknosis and karyor- 
rhexis are most commonly seen. In the larger nodular, necrotic areas 
the cellular structure has disappeared. Two types of structure are 
seen in the necrotic centers, a hyaline, eosui-staining material and 
a fibrillar substance that stains with hematoxylin. Scattered in this 
necrotic material are varying numbers of polymorphonuclear leuco- 
cytes. Surrormding the necrotic centers there are many mononuclear 
and multinucleated cells (polyblasts). These vary in size and shape. 
Many of them resemble the epithelioid cells in a tuberculous lesion. 
These polyblasts generally, but not always, have a marked tendency 
to be arranged in a radial or palisade fashion (Figs. 5 and 6). In this 
respect the arrangement is similar to that so commonly fovmd in the 
heart valve in acute rheumatic endocarditis. A hyalmized material, 
similar to that seen in the valve in acute rheumatic endocarditis, is 
often seen (Fig. 3). Scattered among the larger and irregularly 
shaped polyblasts are small polyblasts. Polymorphonuclear leuco- 
cytes are scattered among the polyblasts, in many cases in small 
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Structurally these nodules seemed to be similar to those found in 
acute rheumatic fever and to those produced in animals by injecting 
streptococci. They tended to be larger in chronic arthritis. The 
microscopic structure was chiefly polyblastic in character, but small 
areas of necrosis and abscess formation were commonly seen. 

When these nodules were macerated under sterile conditions and 
cultured in beef infusion dextrose broth, diplococci morphologically 
and culturally similar to those commonly foimd in the blood of pa- 
tients having acute rheumatic fever or chronic arthritis were iso- 
lated in 70.6 per cent of the cases. 

The frequency of the subcutaneous nodules in acute rheumatic 
fever and chronic arthritis, the similarity of the gross and micro- 
scopic structure of the nodules in these two conditions and in experi- 
mental streptococcic nodules, and the frequency with which strepto- 
cocci can be cultured from the blood in acute rheumatic fever and 
from the blood and nodules in chronic arthritis, strongly suggest 
that acute rhemnatic fever and chronic arthritis for the most part 
have a common streptococcic etiology and that the two diseases are 
in all probability different manifestations of the same process. 
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Previous to this report we attempted to culture bacteria from three 
subcutaneous nodules of rheumatic origin, but failed to obtain 
growth. BiUings, Coleman, and Hibbs,^^ found Streptococcus viri- 
dans in a “fibroid nodule” from a patient with chronic arthritis. 
The location of the nodule was not given in their report. Aside from 
this report, no positive cultures from subcutaneous nodules in 
chronic arthritis have been reported. Wick was not able to obtam 
organisms from the nodule which he cultured. Dawson and Boots 
cultured nodules from fourteen patients with chronic arthritis, but 
had negative findings in all cultures. 

We removed the nodules under sterile conditions from twenty of 
our patients. Seventeen of these were cultured. The nodules were 
brought to the laboratory immediately in sterile test tubes. They 
were then placed in sterile Petri dishes and cut into parts with 
sterile scissors. The part to be cultured was further macerated by 
cutting it several times with the scissors. The macerated material 
was then placed in a test tube containing about 10 cc. of beef in- 
fusion broth, which was similar to that used for culturing the blood 
from patients with acute rheiunatic fever and chronic arthritis. 
This broth had a reaction of pH 7.6 and contained 0.2 per cent of 
dextrose. The material in the broth was incubated at 37° C and 
examined by smear preparation about three times a week. Growth, 
when present, occurred as a rule in less time than in blood cultures; 
however, cultures were not discarded until they had been incubated 
for at least one month. Of the seventeen nodules from different 
patients cultured by this method streptococci were recovered in 
twelve (70.6 per cent). Staphylococcus albjts was obtained from one. 
Some of the strains grew well and some grew poorly. Morphologi- 
cally the strains as a rule were diplococci, though two strains grew 
out into chains of diplococci. All were Gram-positive and produced 
green discoloration faintly when growm on a sheep blood agar plate 
for twenty-four hours at 37° C. 

Summary and Discussion 

Two hundred patients having chronic artliritis were studied to 
determine the frequency of subcutaneous nodules in this disease. 
Nodules varying in diameter from 5 mm. to 3 cm., and in number 
from one to several per patient, were found in 29.5 per cent of the 


cases. 
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Plate 46 

Fig. I. Subcutaneous nodule on arm below elbow. 

Fig. 2. Large subcutaneous nodule on right side of foot. 
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Plate 47 

Fig. 3. A small subcutaneous nodule and part of a larger one lying near each 
other. The smaller nodule shows a hyalinized material and cellular content 
similar to that in a valve in acute rheumatic endocarditis. 

Fig. 4. A nodule showing a necrotic center with radial arrangement of poly- 
blasts around the necrotic area. 

Fig. 5. Cellular content of a nodule against the necrotic center on the right. 

Fig. 6. Palisade arrangement of cells against the necrotic center in the nodule. 
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3. Gallocyanin (oxyproduct of the oxazine group). 

4. Galiamin blue (derivative of No. 3). 


As lack-forming salts we used: 

AI.CSOOj 

K2SO4, CrsS04, 24 H2O (chromalum). 

Aid, 

K5SO4, Al2(S04)3, 24 HjO (potassium alum). 
Naj B4 O7 (borax). 


The salt is dissolved in distilled water, whereupon the dye is added 
and mixed thoroughly with the solution. The mixture is then 
warmed gradually and gently and finally allowed to boil for 15 to 
25 minutes, the bottle being shaken frequently. After gradual 
cooling and filtration the solution is ready for use. In the case of 
Naphthazarin and Alizarincyanin R the solution is allowed to stand 
for about 8 days and then refiltered. 

The following dye solutions were employed; 

1. Naphthazarin-aluminum sulphate 5%, pH = 3.23 

Al2(SOi)3 10. gm. 

Distilled water 200. cc. 

Naphthazarin 0,35 gm. 

Color of solution: intense, deep reddish violet. 

Staining time: 20 to 40 hours. 


2. Alizarincyanin R-aluminum sulphate 5%, pH = 3.43 


A1;(S04)3 10. gm. 

Distilled water 200. cc. 

Alizarincyanin R 0.3 gm. 

Color of solution: deep violet Avith reddish tint. 

Staining time: 20 to 30 hours. 

3. Alizarincyanin R-aluminum chloride 5%, pH = 3.09 

A 1 Ch lo- g™* 

Distilled water 200. cc. 

Alizarincyanin R 0.3 gm. 


Color of solution: deep violet with a somewhat stronger 
red than Solution 2. 

Staining time: 20 to 30 hours. 

4. Alizarincyanin R-chromalum 5%, pH = 1.87 


AlCh 10. gm. 

Distilled water 200. cc. 

Alizarincyanin R o -3 g”’- 


Color of solution: dark blue Arith a gray tint. 
Staining time: 24 to 60 hours. 



A METHOD FOR PROGRESSIVE SELECTIVE STAINING OF 
NISSL AND NUCLEAR SUBSTANCE IN FfERVE CELLS * 

Larus Einarson, M.D. 

KEtLOW OF THE ROCKEFELLER FOUKDATIOH 

(Front the Anatomical Institute, Munich, Pathological Laboratory of the Bispebjerg 

Hospital, Copenhagen, and the Marine Biological Laboratory, Woods Hole, Mass.) 

The usual staining methods for the demonstration of Nissl sub- 
stance suffer from a variety of technical defects and difficulties, I 
have succeeded in devising a progressive selective method for stain- 
ing this substance, which I believe to be of both practical utility and 
of some theoretical importance. 

Technique 

The Nissl substance is a constant histological element in nerve 
cells, which has a marked affiinity for basic dyes. As yet, however, 
every method for demonstrating it has depended upon the “regres- 
sive principle of staining,” i. e., overstaining and then differentiating 
in alcohol. The basic anilin dyes have been the most useful, and yet 
generally speaking they do not stick firmly enough to the tissue ele- 
ments and are too readily removed by alcohol. In this respect there 
is only a difference of degree between these various dyes. It is clear 
that the differentiation profoundly influences the results, and the 
hurry with which the preparation must be passed through the alco- 
hols and xylols is a great disadvantage. Following an extensive 
study of the literature I arrived logically at the following method, 
which eliminates nearly all of the above difficulties. 

Becher^ introduced the use of certain dyes from the groups of 
anthraquinones, naphthoquinones and oxazines. These dyes are 
combined with a metallic element forming a soluble “lack,” and 
Hi is now basic dye becomes boimd by the fixed acid nuclei (see also 
Romeis^). 

The dyes f we have used are: 

1. Naphthazarin (i, 2 — dioxynaphthoquinone). 

2. Ali2arincyaniii R (i, 2, 4 , 5, 8 — penlaoxyanthraquinone). 

* Received for publication January 8, 1932. 

t Nos. r, 3 and 4 were obtained from Dr. HoUbom (Grublcr-Hollbom, Leipzig), and 
No. 2 frorn’or. G. Grubler & Co., Leipzig. 
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In No. I the tissue was fixed up to maxinnun consistency in 5 to 6 
days with frequent changing of fluid, in No. 2 about 24 to 48 hours, 
in No. 3 — 24 hours, in No. 4 — 8 to 12 hours, in No. 5 about 
20 hours (medulla oblongata of dog), in No. 6 about 3 to 4 days. 
Then followed the usual procedures for dehydration, and so on. All 
the material was embedded in paraffin through methylbenzoatcel- 
loidin and benzol after the method of Peferfi. The slides (sections 5 
to 10 microns thick) are placed directly from distilled water into the 
dye solution in question. By varying the duration of staining the 
intensity of color can be graded somewhat, but overstaining practi- 
cally never occurs. In general, old solutions (several months) re- 
quire a longer time for staining than fresh ones. 

After staining, the specimen is carefully washed in distilled water, 
dehydrated in alcohols of increasing concentrations in xylol, and 
mounted in balsam, damar-resin or cedar oil. When the stained 
slides are run through the alcohols there is no danger of their losing 
color. The staining is absolutely alcohol-stable and differentiation 
does not occur. 


Description of Results 

Figs. I, 2, 3, 5 and 9 illustrate the results obtained with Solutions i 
and 2. Stained with Naphthazarin (Solution i), the Nissl granules 
appear blue- violet, and more deeply colored than with Alizarincya- 
nin (Solution 2) where they are reddish and not so distinct. The 
nerve cell in Fig. 9 appears faint and somewhat washed out. In 
Solution I the co-staining of the interstitial protoplasm of the single 
nerve cells, as well as of fibrillar structures, is violet, in Solution 2 
more reddish. Otherwise the intensity of the co-staining seems to 
be approximately the same in both instances. Examining Fig. 5, 
where the staining time is so much longer, the co-staining is cor- 
respondingly greater than in Figs, i and 2. Also, the interstitial 
protoplasm and the karyoplasm in general (Kernsaft) arc more 
strongly colored, yet the nucleolus is easily distinguishable. The 
picture appears more diffuse. On the whole the Naphthazarin 
method yields a very good staining for general orientation and for 
the arrangement of the Nissl substance. 

With Alizarincyanin (Solution 3) wc get a much more intense 
color (Fig. 10). The Nissl substance is a deep red-violet color, the 
karj'oplasm is relatively light, tlie nuclear membrane can be seen. 
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5. Galiamin blue-potassium alum 5%, pH = 2.43 


Potassium aliun 10. gm. 

Distilled water 200. cc. 

Galiamin blue 0.4 gm. 


Color of solution: deep, dark blue. 

Staining time: 24 to 48 hours. 

6. Gallocyanin-chromalum 5%, pH = 1.84 

Chromalum 10. gm. 

Distilled water 200. cc. 

Gallocyanin 0.3 gm. 

Color of solution: deep, intense blue, with a faint 
violet tint. 

Staining time: 24 to 48 hours. 

7. Gallocj’^anin-chromalum 2%, pH = 1.89 (i. e. chromalum 4 gm.) 

Color of solution: approximately the same as in Solution 6. 

Staining time: 24 to 48 hours. 

8. Gallocyanin-borax 2.5%, pH about 9 (f. e. borax 5 gm.) 

Color of solution: deep, intense blue; after standing for 

about 12 days, a marked reddish brown tint appears. 

Staining time: 24 to 48 hours. 

The pH of the solutions was determined with a quinhydrone 
electrode. The absolute values are less significant than the con- 
stancy for each solution and the differences between them. The 
figure for Solution 8 is naturally inexact, the solution being too 
alkaline for this method. 

The animals used were killed by cutting both carotids imder light 
ether anesthesia and allowing the animal to bleed to death. The 
desired part of the central nervous system was quickly exposed and 
small pieces (about 5 to 8 or 10 mm. long) cut out and immediately 
put into the fixing fluid. 

For fixation were tried: 

1. 96% alcohol, after the method of Nissl. 

2. Alcohol-formalin (90 vol. 70% alcohol plus 10 vol. of the usual 40% 

solution of formaldehyde after being neutralized). 

3. Sublimate-alcohol. 

4. Formol-alcohol-sublimate (F. A. S.) (i vol. 40% formalin, 4 vol. 93% 

alcohol, 5 vol. satiurated aqueus solution of sublimate). 

5. Zenker’s fluid TOth acetic acid. 

6. Neutral formalin (i part formalin, 4 parts distilled water). 

7. Susa (Heidenhain). 

The fluids Nos. i to 4 gave excellent results and with a little longer 
duration of staining No. 5 also gave splendid results. No. 6 gave the 
same excellent pictures, but No. 7 gave a somewhat weaker staining. 
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Any of the usual methods of after-staining may be applied to 
specimens stained by the methods we have described. For example, 
we may use Alizarin-red S for 3 to 8 minutes, followed by washing 
in distilled water and so on; or erythrosin (0.05 per cent) or eosin 
(0.05 per cent) for 5, 15 or 60 seconds, followed by washing and dif- 
ferentiation in graded alcohols and so on. We hope that this staining 
method, being so easy and simple, may prove of practical value, 
particularly to neuropathology. 

Somewhat similar staining experiments have been made by Kihn ® 
but with totally negative results. Bis work has even been quoted 
as showing the great limitations of this staining principle as applied 
to the nervous system. Just what factors underlie his negative re- 
sults, I am so far unable to teU. Apparently he has used solutions 
containing only 2 per cent chromalum. Therefore I tried Solution 7. 
Macroscopically the slides show a stronger staining as compared to 
specimens from the same block stained in Solution 6; apparently 
more dye has been absorbed. Microscopically this is due to a greater 
general co-staining, especially of fibrillar material. In the individual 
nerve cell there is also a somewhat stronger staining of interstitial 
protoplasm and the karyoplasm, but there is no alteration in the 
stainmg of the Nissl substance itself. This possibly indicates (the 
pB! being the same in both cases) that the dye has become less com- 
pletely bound to the chromalum to form the compound dye-lack, 
and consequently is to a certain extent acting as an acid dye. 

The alkaline solution (8) was tried on two differently fixed prepa- 
rations from the spinal cord of a rabbit. The first specimen fixed in 
formalin-alcohol looks macroscopically as if there were no staining 
at all. Microscopically the only things that are brought out are the 
Nissl bodies and nucleolus of the nerve cells and the glia nuclei. 
These appear as weak, gray shadows, faint, but distinctly visible. 
Sometimes one also sees the nuclear membrane. The other prepara- 
tion, fiixed in trichloracetic acid, gives an entirely different picture. 
Macroscopically the slides appear relatively deeply stained a 
uniform gray-blue. Microscopically there is considerable general 
staining of fibrillar material, and so on. The protoplasm of the nerve 
cells is gray, and the nucleus is considerably darker with a clearly 
distinguishable nucleolus. There is not a sign of Nissl bodies. This 
illustrates very well the significance of the fixative and tlic well 
known importance of its acidity or alkalinity. 
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The interstitial protoplasm of the nerve cell is strongly stained in 
the same reddish color but, owing to the intense darkness of the 
tigroid, the method yields a certain contrast which makes it fit for 
use. The glia nuclei are markedly colored, but do not stand out 
particularly because of the strong co-staining of fibriUar structures. 
The general impression of this staining is the impurity of the picture 
as a whole. 

With Solution 4, where the same dye is in combination with 
chromalum, one gets a picture of entirely different character, both 
in color and intensity. After 53 hours of staining (Fig. ii), glia 
nuclei, the Nissl substance and nucleoli of the nerve cells are but 
faintly light blue or water-blue. There is also a weak co-staining of 
the interstitial protoplasm of the nerve cells and of fibrillar struc- 
tures. Practically the staining is not of much value. 

Galiamin blue (Solution 5) yields a fine, pure, bright blue staining 
of the tigroid (Fig. 12), The staining comes next to the Gallocyanin- 
chromalum in color and purity, but the blue co-staining is consider- 
ably more extensive and of approximately the same intensity as 
with Naphthazarin. Yet the staining is of practical value. 

By using Gallocyanin (Solution 6) one gets Nissl pictures of a 
quality unapproached by any other method. I have tried and used 
aU of them, Nissl’s original method included. Even the finest, most 
carefully made thionin or toluidin blue specimens do not approach 
the Gallocyanin specimens, the force of which lies in the progres- 
sivity and selectivity of the staining. The Nissl substance (Figs. 4, 

6, 7 and 8) appears deeply stained in the purest and finest blue 
color, giving an excellent sharp contrast against the practically un- 
stained interstitial protoplasm. The nucleolus stands out sharply 
from the pale nucleus. Glia nuclei are also beautifully stained, 
giving a good contrast against the pale background. In other words, 
the general co-staining of fibrillar structures, and so on, is practi- 
cally minimal. A glance at the figures shows the superiority of this 
method to those previously described. The beautiful appearance of 
the nuclear cap (Kem Kappe) in Fig. 4 is noteworthy. On examin- 
ing the pathological case of Fig. 8 one notices how sharply and 
beautifully every detail is brought out — the central degeneration 
with tigrolysis, accumulation of chromophile material at the 
periphery of the cell, the vacuolization, and so on. 
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Discussion 

To indicate the theoretical significance of this method in regard 
to the origin and composition of the Nissl substance we need con- 
sider only a few necessary data from the literature on the subject. 
It will appear that the color reaction of the Gallocyanin is not en- 
tirely devoid of theoretical importance. 

Mackenzie ® found that the Nissl substance contained iron, and 
finally stated definitely that it was an iron-holding nuclear chro- 
matin. Held ® found that it gave a positive reaction for phosphoric 
acid, and classed it as a nucleoproteid. Scott,’ applying the meth- 
ods of MacaUum, found the Nissl substance to give a positive re- 
action for both iron and phosphorus. On the basis of his embryo- 
logical investigations he further states that the iron-containing 
material (Nissl substance) is gradually formed by transfer of nuclear 
substances through the nuclear membrane into the cytoplasm during 
the course of development. The nuclei of embryonic nerve cells he 
found to be much richer in basophil chromatin material than after 
the Nissl substance had become differentiated. Recently Nicholson,® 
using Macallum’s hematoxylin test for iron, has been able to show 
that the distribution and appearance of iron-containing material 
in the cytoplasm is practically identical with the distribution and 
appearance of the Nissl substance. Previously von Lenhossek ® had 
said that the tigroid is already present in the young neuroblasts in 
the form of smaller and more diffusely arranged spheroidal masses. 
Collin confirms Scott’s observations and states that he has been 
able to observe in his preparations all the phases involved in the 
process of transfer of chromatin material from the nucleus into the 
protoplasm. He further finds that the chromatophil substance first 
appears in the immediate neighborhood of the nucleus of the nerve 
cells of chick embryos of about six days’ incubation. Marcora states 
that the differentiation of chromatophil granules is first observable 
on the tenth day of incubation, always appearing first in the periph- 
eral part of the cellular protoplasm. Beyond this he does not confirm 
Collin’s observations, and he believes that the question of the nuclear 
origin of the chromatophil substance cannot yet be solved. Accord- 
ing to van Biervielt’s investigations on human material (cited from 
Marcora) the first Nissl granules become differentiated in the third 
month, appearing at the cell periphery; but the differentiation is by 
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An alteration in the pH of the dye solution was also tried. In order 
to do this n/io HCl or NaOH were added to the Gallocyanin- 
chromalum solution, the determination of pH made quickly, and 
immediately afterward the specimen in question put into the solu- 
tion for staining. 


Solution 6-(originaI) gives pH = 1.84 

Solution 6-55 cc. plus n/io HCl 30 cc gives pH = 1,58 

Solution 6-40 cc. plus n/io NaOH 15 cc gives pH = 3.57 

Solution 6-42 cc. plus n/io NaOH 35 cc gives pH = 4.57 


In doing this the dye solution was diluted, but this does not seem 
to be of any great importance in this connection. The results, though 
revealing nothing that could explain Kihn’s negative results, were 
rather interesting. With fixative No. 2 we find macroscopically a 
characteristic gradation of color intensity, the most acid solution 
giving by far the lightest, the least acid solution giving the darkest 
stain. The amount of stain absorbed in general by the tissue is, as 
one would expect (see Pischinger ^ 1926), a function of the pH of the 
dye solution, all preparations having been fixed in the same way. 
Microscopically one sees that this is due to the general co-staining. 
In the specimen stained in the solution of pH = 1.58 there is prac- 
tically no co-staining at all. With the usual solution of pH = 1.84, 
the co-staining is just perceptible. pH =3.57 gives a considerably 
stronger co-staining, and pH = 4.57 stiU greater. Between the first 
and the last solutions there is an enormous difference, but the most 
interesting thing is the comparatively slight change in the staining 
of the Nissl substance itself, in striking contrast with the general co- 
staining. That is to say, the specific tigroid and chromatin staining 
is practically unaffected by this alteration in pH of the dye solution. 
The results with fixative No. i are almost identical. 

In general, the compound GaUocyanin-chromalxun, being a basic 
dye, is more readily absorbed in a less acid solution than in a more 
acid one, this effect manifesting itself microscopically through alter- 
ations in the general co-staining of the tissue which is clearly a direct 
function of the pH of the solution; whereas the specific Nissl and 
chromatin picture is relatively unaffected within the same range of 
variation of pH. 
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nerve cells and have been long known there as Nissl bodies. As a 
support of this view they refer to some cases of identical behavior 
of these substances in epi^elial cells, plasma cells, liver and nerve 
cells. As a supplement to these positive points they give the nega- 
tive microchemical proof that the Nissl bodies do not contain 
nuclein. The basis of this proof is their assumption that purified 
methyl green is an absolutely reliable reagent for distinguishing 
between nuclein and other acid protein substances in the cell; but 
the lack of specificity of this reaction has been pointed out (see 
Cowdry They also find that Nissl substance dissolves in warm 
water (65°) in twelve hours and believe it to be albmnose (cytose). 

Heidenhain has advanced a very interesting and stimulating 
hypothesis on the biological function of the Nissl substance, based 
on the assmnption that it is derived from the nucleus and contains 
chromatin substance, and he suggests the name “Cytochromatin” 
for the Nissl granules. 

Stimulated by Heidenhain’s h37pothesis and assuming that 
Mackenzie, Held, Scott and Nicholson were essentially correct in 
their views as to the chemistry of the Nissl granules, it seemed to 
me quite plausible that the Nissl substance should manifest an 
afifinity for, and be stainable progressively with, some of the purest 
and finest nuclear dye-lacks from the group of anthraquinones,. 
naphthoquinones and oxazines. Our results, which demonstrate just 
such an affinity, serve to support the assiunption that the Nissl 
substance is related to chromatin, and to oppose the views of Unna 
and Cans. In this connection I wish to emphasize the distinct gra- 
dation in the character, intensity and purity of the staining accord- 
ing to what dye combination is being used. This gradation shows a 
distinct parallelism betw'een the quality of the staining of true 
nuclear chromatin material and that of the Nissl substance, i. e., 
the purer the affinity for nuclear chromatin the stronger appears to he 
the affimity for the Nissl substance. 

The problem of the nature of Nissl substance presents the follow- 
ing alternatives. It may be (a) a product of nuclear activity formed 
during the life of the developing neurone and fulfilling a function of 
importance in the metabolism of the neurone; or {b) a preformed 
material (pniformierten Stoff, (Unna)) arising outside of the nucleus 
during ontogenesis, able to reform or regenerate during life; or 
(c) an artefact containing nuclear substances (de Moulin). Tins 
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no means perfect until in the seventh month of fetal life. Cowdry^^’^^ 
definitely states that the Nissl substance belongs to the category of 
chromidial substances in general, and infers that it is formed as the 
result of nuclear activity. All the investigators seem to agree that 
the Nissl substance appears relatively very late in development. 

Mott has been able to confirm the ultramicroscopic observations 
of Marinesco After vital staining and treatment with formalin 
he showed further that the cytoplasm became filled with minute 
blue granules. He therefore draws the conclusion that the minute 
refractive granules make up the basophil substance which forms the 
Nissl substance (Schollen), while Marinesco himself considers them 
to be identical with the neurosomes of Held. The Nissl figures 
(Schollen) as such, both Mott and Marinesco consider to be arte- 
facts. On the contrary Stohr,^* on the basis of investigation with 
ultraviolet photomicrography, claims to have observed in fresh con- 
dition the same localization and grouping of the Nissl granules in 
the cytoplasm as in fixed and stained preparations. This is also 
confirmed by Weimann.^^ 

De Moulin,^® using as fresh material and as well adapted technical 
arrangements as possible, added methylene blue to his emulsion and 
found no basophily of the cytoplasm, but the nucleus as well as 
nucleolus became deeply stained. Gradually the nucleus lost its 
stain, while the cytoplasm, on the other hand, gained in color and 
slowly became a diffuse homogeneous blue. Granulations then ap- 
peared, and at last regular Nissl figures (Schollen). His conclusions 
are that postmortem changes in the degree of dispersion in cell and 
nucleus occur, causing a shift in the fluids; and following lesions of 
the nuclear membrane, the basophil colloids of the nucleus get into 
the protoplasm where they coagulate, and thus finally form the 
Nissl substance. The latter he therefore considers as an artefact 
composed of nuclear substances. 

Recently a systematic criticism has been made of the methods 
for microchemical detection of phosphorus, and therefore Scott’s 
results must be considered with some reservation (see Bethe^® and 
Policard and Leulier ^^). Bielschowsky,^® and several others, deny 
any connection between nuclear substances and the Nissl granules. 
The most outspoken critics are Unna and Gans.^® They state that 
the substances widely distributed in epithelial and connective tissue 
cells, and described by Unna as “Granoplasma” are also present in 
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problem I leave open for the present, being engaged in further in- 
vestigation upon this question. 

Conclusions 

Well aware of the danger and difficulties of deducing from mere 
similarity of dye affinities the identity or chemicobiological relations 
of two tissue elements, I nevertheless believe that the positive Gallo- 
cyanin reaction furnishes new evidence that the Nissl substance 
really contains nuclear chromatin substances. The results of the 
chemical, the embryological and the experimental investigations 
summarized above, and certain characteristics of the GaUocyanin 
reaction, definitely lend support to such a view. 

The specific Nissl staining of the Gallocyanin-chromalum is prac- 
tically unaffected Tidthin a very wide range of pH of the dye solu- 
tion, and also in combination with borax in an alkaline solution it 
still stains the chromatin and Nissl substances feebly but definitely. 
This indicates that possibly some chemical affinities are involved in 
this special staining process. Further investigation of this point is 
in progress. 

The cytological work leading to the method described here was started dur- 
ing my stay in the Anatomical Institute of Munich, continued in Doctor Vim- 
trup’s laboratory in Copenhagen, and greatly extended and completed in the 
Marine Biological Laboratory of Woods Hole this summer. 

I wish to express my gratitude to the director of the Anatomical Institute of 
Munich, Geheimrat Professor MoUier and to Prosector Doctor Vimtrup for 
their great hospitality and supply of material. Also I wish to thank Doctor 
Neel, the director of the Psychiatric Laboratory of Copenhagen, for his kind- 
ness in supplying me with vast, special neuropathological material upon which 1 
have tested the practical pathological validity of the staining method. 

Above aU 1 want to express my deep gratitude to my friend and teacher Dr. 
Robert Feustel of Munich for his many valuable suggestions, stimulating ideas 
and never-failing interest. 

And last I wish to express my thanks to Dr. HaUowell Davis for his revision 
of this paper and valuable advice. 

REFERENCES 

1. Becher, S. Untersuchungen iiber Echtfarbung der Zellkeme mit kiinst- 

lichen Beizenfarbstoffen imd die Theorie des histologischen Farbe- 
processes mit gelosten Lacken. Berlin, 1921, 1-156. 

2. Romeis, B. fiber die neuen Methoden S. Bechers ziu: Echtfarbung der 

Zellkeme mit kiinstlichen Beizenfarbstoffen. Nahirwissenschaftcn, 1922, 

10, 733. 



DESCRIPTION OF PLATES 


Plate 48 

Fig. I. Cells from the spinal cord of a rabbit; formalin-alcohol, Naphthazarin- 
AlsCSOOs- Staining time: 23 hours, 25 minutes. x86o. 

Fig. 2. Anterior horn cell of a rabbit; formalin-alcohol, Naphthazarin. Stain- 
ing time: 23 hours, 25 minutes. x86o. 

Fig. 3. Purkinje cell, from the cerebellum of a rabbit; neutral formalin, 
Naphthazarin. Staining time: 23 hours, 25 minutes, x 860. 

Fig. 4. Purkinje cells, cerebellum of a rabbit; neutral formalin, Gallocyanin- 
chromalum. Staining time: 22 hours, x 860. 
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Plate 49 


Fig. 5. Anterior horn cell, spinal cord of a dog; 96 per cent alcohol, Naphtha- 
zarin. Staining time; 40 hours, x 960. 

Fig. 6. .interior horn cell, spinal cord of a dog; 96 per cent alcohol, Gallo- 
cyanin. Staining time: 25 hours, x 960. 

Fig. 7. Anterior horn cell, spinal cord of a rabbit; formalin-alcohol, Gallo- 
cyanin. Staining time: 24 hours, x 1030. 

Fig. S. Anterior horn cell, spinal cord of a child; poliomyelitis anterior acuta; 
Gallocyanin. Staining time: 24 hours, x 1030. 
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Plate 48 







Plate 50 


Fig. g. Anterior horn cell, rabbit; formalin-alcohol, Alizarin cyanin-Al2(S04) 3. 
Staining time: 25 hours, 30 minutes, x S60. 

Fig. 10. Cell from the medulla oblongata, rabbit; formalin-alcohol, Alizarin- 
C3'anin-Al CI3. Staining time: 25 hours, 30 minutes, x 860. 

Fig. II. Cell from the medulla oblongata, rabbit; formalin-alcohol, Alizarin- 
cj'anin-chromalura. Staining time: 53 hours, x 860. 

Fig. 12. Medulla oblongata, rabbit; formalin-alcohol, Galiamin blue. Staining 
time: 25 hours, 30 minutes, x 860. 
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of Merkel-Ranvier cells on tlie other (in the former case the cells are 
large and pale, in the latter they are smaller, polyhedral and pos- 
sessed of protoplasmic processes) ; in the deeper layers of the tumor 
these cells become elongated into fusiform, or even filamentous 
structures that are closely applied to the nerve fibers and may be 
flattened into concentric plates that are, in turn, enclosed in a col- 
lagenous envelope or endoneurium that ramifies among them and 
gives them an onion-like, laminated appearance on cross-section. 
Wdien the tmnor cells become so attenuated as to be filamentous he 
calls them “nevus fibers,” which is rather misleading and apt to be 
misunderstood, as they are really merely elongated cells rather than 
true fibers. Transitions between the superficial and deep types of 
growth may be observed in the intermediate layers of the tumors. 

Such newgrowths, then, lie directly in the course of the terminal 
branches of the cutaneous nerves and are, therefore, closely related 
to neurofibromas. The pigmented cells, formerly considered so im- 
portant as to give their name to the tumors, he explains on the basis 
of a changed metabolic activity; the fact that two or more types of 
ceU contain melanin is no proof that they are necessarily genetically 
related. In support of this he cites the presence of melanin-bearing 
cells in other parts of the nervous system. The part played by the 
specialized Merkel-Ranvier cells of the epidermis is explained by the 
assumption that they are outposts of the tactile apparatus — po- 
tential outposts of nevi — intercalated between the true epitheh'al 
cells of the basal layer and of another cell race than these. He speaks 
of all the tumor cells as constituting an overgrowth of the “periph- 
eral neuroglia,” doubtlessly basing his terminology upon the theory 
that the Schwann cells are of epiblastic, neuroglial origin. 

Having thus outlined his views as to the histogenesis of the tumor, 
he indicates very clearly that it is unprofitable to attempt any fur- 
ther classification of its subtypes, as %vas formerly the fashion. If 
his conception be tmderstood, it -will readily be seen that tumors de- 
veloping in the deep layers of the skin ■tvill take on the complicated 
neurofibromatoid type of growth, while those arising just beneath 
the epidermis vnll tend to be cellular and alveolar, tlie type cell 
var>'ing as it inclines now toward those of the Merkel-Ranvier 
group, now toward those of the Meissner corpuscles. Tumors devel- 
oping in both the pars papillaris and the derma will show a mix- 
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Medicine of the University of Cincinnati, Cincinnati, Ohio) 

Introduction 

Certain features of melanotic tumors, noted in frozen sections im- 
pregnated with silver, were discussed at some length in a recent 
paper (Foot ^). The point most stressed was the presence of a very 
complex reticulum in the tumors examined, the fibers of which were 
described and reproduced photomicrographically. The origin of 
these fibers, their probable nature and their ultimate distribution, 
were points reserved for later and fuUer discussion, as it was not 
then possible to impregnate paraffin sections satisfactorily, and these 
are indispensable. Now that a very satisfactory method has been 
devised, it is proposed to carry the discussion farther and to supple- 
ment that which has already been said with a description of new 
data that have resulted from the study of thinner, more perfect 
sections. Before entering into the details of the matter, it is ad- 
visable briefly to review the subject in respect to that which has al- 
ready been advanced by another investigator, whose work inspired 
these studies. 

Two articles published by Masson ^ in 1926 have covered this 
theme so thoroughly that, in checking over his work by means of 
other methods than his, one may at best hope for little more than a 
confirmation of his findings. The more one reads his papers, the 
more one is impressed with their completeness and clear-cut logic. 
His conception of the histology of the pigmented nevi and of their 
malignant congeners, the melanoblastomas, is none too readily 
grasped at first reading and it will do no harm to review it here. 

Masson beheves with Soldan ® that the pigmented nevi are nerv- 
ous, not dermal tumors; their type cell, according to him, is that of 
the sheath of Schwann. It can differentiate in various directions: in 
the superficial portions of the tmnor beneath the epidermis it takes 
on a cellular, more or less epithelioid form, lying in nests that re- 
semble Meissner corpuscles on the one hand and the smaller groups 

* Received for publication December 15, 1931. 
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they were not. It remained to continue with the work, using more 
perfect and diverse methods of silver impregnation and any other 
procedure that might afford a clue as to their true nature. Accord- 
ingly, a method of impregnating the finest branches and end twigs 
of the fibers in thin, paraffin sections was worked out after consider- 
able experimentation. This is detailed in another paper to which the 
reader is referred (Foot and Foot '*). 

Technique 

Two variants of the silver method just mentioned (which will 
hereinafter be called the “p. g. s.” method for sake of brevity) 
were used chiefly in the examination of a niunber of pigmented 
nevi of types which varied in respect to situation, melanin con- 
tent, malignancy or non-malignancy, and so on. These were Vari- 
ants 2 and s; other variants sometimes proved themselves to be 
helpful. Various stains were employed to supplement these, and 
the Ranson-Cajal and Bielschowsky reduced silver impregnations, 
both slightly modified, were resorted to in order to impregnate the 
neurofibrils more specifically. It %vas found that the methods of 
mass impregnation which depend upon the use of silver diammino 
hydroxid tend to deposit too much silver in the epidermal layers 
and to underimpregnate the deeper ones, unless great care is exer- 
cised. The very portion of the block that one most particularly de- 
sires to examine seems to be the one in which there is the least detail 
and densest precipitate. 

Ranson-Rainon y Cajal Method: Tissue blocks are fixed in abso- 
lute alcohol with i per cent ammonium hydroxid for 48 hours; 
they are then rinsed for -2- to 3 minutes in distilled water, depend- 
ing upon the size of the blocks. After being transferred to pure 
pyridin for 24 hours they are washed in many changes of distilled 
water for another 24 hours and then set in the dark in a 2 per cent 
solution of silver nitrate in distilled water at 37° C for 3 days. 
After rinsing in distilled water they are placed in a 4 per cent 
solution of pyrogallol in 5 per cent neutral formalin, made up with 
distilled water, for i to 2 days, after which they are rinsed in water 
and embedded in the usual manner in paraffin. The sections are 
a pale canaiy yellow, tlic ncurofibrils are black, the endoneurium 
yellow and the myelinated fibrils old-gold, surrounded by a color- 
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ture of the two types, with a transition zone in between. This is no 
uncommon picture. He demonstrates nerve trunks, sometimes 
quasmormal, sometimes distorted by the proliferation of their 
Schwann cells, entering the tumors at their bases and becoming in- 
tricately involved in the cell complexes more superficially located. 
They then emerge from these to continue to a point beneath the 
epidermis, where they branch out into the subepidermal plexus. He 
also notes the fact that erector pili muscles are often directly in- 
volved in the tumor growth, sometimes appearing to share in it; 
this he explains on the basis that they develop from the same pri- 
mordium. He carries these theories a step further and applies them 
to mahgnant nevi, “melanosarcomas” and “melanocarcinomas,” 
as well. 

In my previous article referring to results obtained with frozen 
sections impregnated with stiver, no special mention was made of 
the tumor cells other than to point out the utter dissimilarity be- 
tween them and the true epithelial elements of the epidermis. The 
paper concerned itself chiefly with the fibrils that were so strikingly 
demonstrated in silver impregnations, structures that Masson inter- 
preted as collagenous fibers. That they are not ordinary connec- 
tive tissue fibers, but rather endoneurium or actually nerve fila- 
ments, was indicated. It was shown that they were only imperfectly 
impregnated if the usual potassium permanganate-oxalic acid 
bleach was used before impregnating, whereas the reticulum and 
collagen of the stroma were, on the other hand, well silvered. Pre- 
liminary bromuration of the sections (calculated unfailingly to 
demonstrate astrocytes and neuroglia fibrils) produced much the 
same effects — the fibrils of the nevus nests were not impregnated, 
although the reticulmn of the stroma was brought out sharply. It 
was seen that the finer fibrils of the nevi differed from those of a 
fibrosarcoma which were indubitably reticulum or collagen, and no 
such structures were demonstrable in sections from an epidermoid 
carcinoma, indicating that they were not of epidermal origin in the 
nevus or they would be present in the carcinoma also. Other stains 
failed to demonstrate them specifically; they were not fibroglia, 
neuroglia or elastic tissue. 

There was, therefore, nothing definite to show just what these 
fibrils were, although several methods showed quite plainly what 
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Cytoplasm: When studied by ordinary methods the appearance 
of the cytoplasm is quite misleading; the epithelioid character of the 
cells, as noted in hematoxylin-eosin sections, is too familiar to need 
discussion. With silver methods their true morphology is brought 
out, and Masson’s schematic plan is confirmed in every particular; 
the type cell is polygonal in its primitive form (Fig. i), with short, 
hair-hke processes. The coarser, tail-like processes are seen better 
in reduced silver sections where the cytoplasm impregnates more 
deeply than the nuclei (Fig. 2). They may also be demonstrated in 
the “p. g. s.” method if Bouin’s fixative is used instead of formalin, 
in which case the impregnation is reversed from a “positive” to a 
“negative” picture, as in the case of the Laidlaw method® after 
Bouin fixation. 

The more differentiated cells become, in this way, racquet-shaped; 
they develop one or two stout cytoplasmic “tails” and, by contin- 
uing the process, pass through a fusiform phase into enormously 
elongated, filamentous structures. Specimens impregnated with 
Variant 6 of the “p. g. s.” method often bring out a web-hke, fila- 
mentous, intracellular reticulum that may be concerned in the pro- 
duction of the ner\^e sheath webs under normal conditions. The 
fibrils of these will be discussed further later on. In the deeper 
layers of the tumors the scale-like, laminated form of type cell is 
found in Masson’s “lames foliacees” or “leaf-like lamina” (Figs. 3 
and 4). In malignant melanomas one sees bizarre distortions of 
these type cells (Fig. 5) bearing the same relation to them as the 
gigantic cells of glioblastoma multiforme bear to the glioblasts 
(spongioblasts), or those of fibrosarcoma to fibroblasts — they are 
enlarged caricatures of the type cells of the benign tumors. In fact, 
the nevus cell, when impregnated with silver, bears a striking re- 
semblance to a neuroglia cell although, as we have seen in a previous 
paper (Foot and Zeek®), it does not impregnate specifically in 
bromuration methods which unfailingly demonstrate astrocytes in 
frozen sections. 

The Laidlaw impregnation fails to demonstrate the nevus cells 
satisfactorily in sections from benign nevi fixed in formalin, Bouin’s 
or Zenker’s fluids; they are at best faintly brought out and are, 
therefore, “Laidlaw-negative,” in comparison with the epithelium 
of the epidermis and its adnexae, which are positive and well sho\wi. 
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less sheatli. This method was very slightly modified by adding the 
Laidlaw oxalic acid-gold toning procedure. The deparafiinized sec- 
tions were toned in 1 1500 gold chlorid for 5 minutes and redevel- 
oped in 5 per cent oxalic acid for a like period, washing between 
steps with tap-water; they were then fixed in 5 per cent sodium 
thiosulphate and washed well in water, after which they were 
mounted in the usual way in Canada balsam. 

BielscJiowsky Method: The blocks are fixed in 10 per cent neutral 
formalin, washed and treated for 3 to 4 days with pure pyridin. 
They are then washed in running water until there is no more 
odor of pyridin, and further washed in a few changes of distilled 
water to remove any chlorides. They are transferred from this 
to a 3 per cent solution of silver nitrate in distilled water for 3 to 
5 days in the dark at 37° C, after which they are rinsed in dis- 
tilled water and placed in a solution of silver diammino hydroxid 
in the dark at 37° C for 24 hours. This solution is made up by 
adding strong ammonia dropwise to 10 cc. of a solution of silver 
nitrate in distilled water of 10.2 per cent strength, until the re- 
sulting precipitate is just dissolved; 10 cc. of 3.2 per cent pure 
sodium hydroxid in distilled water is then added and the resulting 
reprecipitation again just dissolved with ammonia. The solution is 
then made up to 100 cc. with distilled water. The blocks are next 
washed in several changes of distilled water for 2 hours and then 
placed in 20 per cent neutral formalin in distilled water for several 
hours. After washing in water, they are then embedded in paraffin 
in the usual way. They are toned in gold chlorid intensified in 
oxahc acid, fixed in sodium thiosulphate (as above described) and 
mounted in Canada balsam. Further experiments with the Biels- 
chowsky method, calculated to decrease its intensity without les- 
sening its penetration, are now under way, but they are not wholly 
satisfactory in their present form. 

The Ranson-Cajal method gives the most uniform results, but it 
is also apt to be somewhat uneven in its results. 

Cellular Morphology 

Nuclei: These are rather vesicular and may contain one or more 
nucleoli which are more prominent in the malignant than in the 
non-malignant members of the group. 
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roughly parallel, chestnut-brown fibers that are intimately asso- 
ciated with the distorted sheaths formed by the proliferating tumor 
cells (Fig. 7). Actual connections between nerve trunks and sub- 
epidermal nests have admittedly not been traced in the form of 
continuous fibers which emerge from nerve trunks at the base of the 
tumor, continue through its intermediate cell complexes and termi- 
nate in or near the subepidermal nests; that this could be done in 
serial sections, given the requisite material and patience, is defi- 
nitely indicated. The actual terminal distribution of the fibers is 
very difficult to determine; they seem to skirt the tumor cells, im- 
pinging upon them very closely, and to enter a complicated and in- 
completely impregnated rete in the pars papillaris of the skin. The 
besetting difficulty in all this work is that of determining the identity 
of nerv’^e fibers, as distinguished from reticulum or collagen. All 
these usually stain or impregnate almost identically alike, so that it 
is only in the reduced silver sections that one may be at all sure of 
one’s ground. Sometimes one may find sprouts of proliferating 
Schwann cells following nerve twigs mto the subepidermal stroma, 
and in these cases, in reduced silver preparations, one may observe 
very delicate but intensely impregnated fibrils accompanying the 
cell columns and, apparently, not extending very much in advance 
of them. 

That Masson’s conception of an arborial distribution of the t um or 
along nerve trunks and branches is correct is everywhere indicated. 

If one should make tangential sections of small nevi, one may obtain 
some of them at levels that show mostly connective tissue of the 
corium; in this tissue the nerves will have been cut transversely and 
one vill find that they are surrounded by nevus cells (Fig. 6), while 
these are to be seen nowhere else in the section. This is good proof 
that the tumor growth follows the nerve sheaths, but it does not tell 
us whether it is following them from below upward, or vice versa. 
Such pictures as that shown in Fig. 8, however, make it seem more 
probable that the former assumption is the more probable. 

Suiui-A.iiY AND Classification of Fibrils 

Collagen and Rcliculum Fibrils: These are found chiefly in the 
stroma of the tumors, but there are many of them that bear a much 
closer resemblance to the endoneurial varieties of connective tissue 
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A strange fact is noted in this connection: the cells of malignant 
melanomas examined in the course of this work are usually ‘‘Laid- 
law-positive.” Just what this signifies is not yet evident. 

The arrangement of the type cells follows Masson’s description so 
closely that it would be futile to describe it again; his observations 
may be checked up in every particular. As to their melanin content, 
here, too, his observations may be confinned. Some of the cells con- 
tain considerable quantities of melanin, while the bulk of their fel- 
lows are free from it. The presence of the pigment makes the 
racquet-like morphology of the melanoblasts more evident in those 
stains where the cytoplasm is not completely demonstrated, so that 
one might imagine that they differed from their fellows, were one to 
judge them by hematoxylin-eosin standards alone; when reduced 
silver is used, however, it becomes evident that the only observable 
difference between the two types is the presence of melanin in the 
one and its absence from the other. 

Fibrillar Morphology 

With such stains as the Mallory phosphotungstic acid hema- 
toxylin, the Van Gieson stain, and so on, the fibrils appear to be 
ordinary collagen. Using Variant 5 of the “p. g. s. ” method this 
is also true, for it does not differentiate between collagen and reticu- 
lum; if Variant 2 be used, however, many of the fibrils come out 
black like the reticulum. We have seen in the two preceding papers 
that reliable reticulum impregnations depending upon Mallory’s 
bleach fail to demonstrate fibrils much beyond the limits of the 
stroma; those that are brought out in the nests by the “p. g. s.” 
method fail to materialize satisfactorily if the bleach has been used. 
Therefore, one would appear to be justified in believing that these 
fibrils differ in some way from connective tissue collagen or reticu- 
lum. The reduced silver methods tend to obliterate the intercellular 
fibrillary details and to make the fibers appear like a homogeneous 
matrix {cf. Fig. 2), but they demonstrate nerve fibrils m the trunks 
and the cell nests. Such neurofibrils may be theoretically traced 
from the nerves at the base of the tumors, through the laminated 
sheaths to the subepidermal, epithelioid nests. When meduUated 
they run as pale canals with a central axone through the laminated 
sheath expansions; when non-meduUated they appear as curving. 
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course of nerves not as yet involved in a neighboring nevus, as well 
as by such pictures as the one shown in Fig. 3 where the nerve is 
entering an obvious tumor complex. The proliferation of Schwann 
cells along neighboring nerves could not be illustrated in this article 
by reason of space demands, but excellent photomicrographs in my 
possession attest to the veracity of the above statement. 

An examination of malignant representatives of this tumor group 
reveals characteristics that one might be led to expect in malignant 
transformations: the cells become distorted, enlarged, lawlessly ar- 
ranged, poorly differentiated, and their Laidlaw reaction becomes 
positive instead of negative; their fibrils no longer show the excel- 
lent endoneurial t3^e of differentiation seen in the non-malignant 
tumors, but tend to be finer, less similar to true nerve sheath fibrils 
and often predominatingly intracellular. 

The importance of the melanoblast as a type cell, in the case both 
of malignant and non-malignant “melanomas,” dwindles as one 
examines these; some tumors may be almost exclusively composed 
of melanoblasts, but many will show very few. Masson’s idea that 
they constitute nevus cells mth a predominatingly chromogenic 
metabolism is everywhere strongly indicated, and the unfailing 
presence of cells, or groups of cells among them that show no de- 
monstrable melanin and conform to the amelanotic type nevus cell, 
indicate that these are the more primitive, and therefore the true 
type cells of the tumor, while the melanoblasts are derived from 
them, rather than vice versa. 


Summahy 

Masson’s theories that nevus cells are (i) derived from those of 
the sheath of Schwann, (2) non-pigmented in their pristine state, 
(3) associated with nerve trunks and fibers, and (4) closely related 
to those of the neurofibroma, are uniformly confirmed by an ex- 
amination of a series of pigmented nevi by means of silver impreg- 
nations of several types. 
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than they do to ordinary connective tissue. Their caliber is veiy 
variable, not uniform; they are often recurved upon themselves, 
forming sharp angles and triangular varicosities at the point of re- 
flection, and their stainmg properties are in every way similar to 
those of endoneurimn. They do not form coarse collagen bundles, 
as does the connective tissue, and they do not resemble the reticulum 
of the areolar tissue or the lymphoid tissue. In the case of the lamin- 
ated sheath swellings the fibrils are of the utmost delicacy. 

Neurofihrils: These have already been described at length. 

Protoplasmic Fibrils: These are found within cell bodies; in the 
non-malignant tumors they are in the cell processes, where they 
constitute a very delicate intracellular reticulum or “web”; in the 
malignant forms they may run all through the cytoplasm of the 
cells. The attenuated cellular processes, which Masson calls “nevus 
fibers,” scarcely merit this term and should be recognized as fila- 
mentous extensions of the cytoplasm; it should be recognized, how- 
ever, that they may contain the intracellular fibrillar webs just re- 
ferred to, which are well shown in the case of Schwann cells in the 
sheath of a normal lingual nerve. A comparison of Figs. 2, 9 and 10 
will make this clear. The above exposition probably explains the 
reason why more fibrils are demonstrable with the “p. g. s.” tech- 
nique than in the case of reticulum impregnations depending upon 
a preliminary bleach; the group of finest fibrils in the nevus nests 
are probably, for the most part, of a nervous or protoplasmic rather 
than of a reticular or collagenous nature. 

Discussion 

It is, then, possible to confirm Masson’s ideas regarding the his- 
tology of pigmented nevi and melanoblastomas in every particular; 
that the control has been made exclusively by means of silver meth- 
ods that differ essentially from his trichrome stain, makes the con- 
firmation the more striking. His conception of the morphology and 
distribution of the type cell, of its differentiation from a polygonal 
unit, through a fusiform phase to a filamentous, or (also) a flattened 
one, is completely borne out. His thesis as to the type cell’s deriva- 
tion from that of the sheath of Schwann is reinforced by the striking 
resemblance of the two in properly impregnated silver sections, and 
by the possibility of demonstrating columns of tumor cells along the 
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The photomicrographs Tvere made by Prof. Joseph B. Homan, with the assist- 
ance of the author. 
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Fig. I. Field from a subepidermal nevus nest, showing the large Meissner type 
cells at the top and the smaller Merkel-Ranvier type at the bottom. 
“P. g. s.” technique. Variant 2. x 800. 


Fig. 2. A similar field, to demonstrate the morphology of the cells as brought 
out by the Ranson-Cajal reduced silver method plus gold toning. Note the 
pale nuclei and dark cytoplasm, x 800. 

Fig. 3. One of Masson’s “lames foliacees,” or laminated sheath expansions 
impregnated to show its fibrillary endonemnum by the “p. g. s.” technique. 
Variant 2, x 800. 


Fig. 4. A similar field impregnated by the Bielschowsky reduced silver method 
in the block, with subsequent sectioning and gold toning. This shows the 
neurofibrils as well as the endoneurial fibers. The former may be seen 
entering the expansion at its lower pole and coursing among its cells. 
X950- 
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Plate 52 

Fig. 5. Distorted forms of ne\’iis cells in a malignant melanoma shown in an 
edematous, inflamed portion of the tumor where their morphology is more 
e\ddent on account of their spacing. “P. g. s.” technique, Variant 2. 
X 800. 

Fig. 6. .A. nerve trunk in transverse section penetrating a nev'us nest in the 
derma. The axis cylinders are clearly visible. Below it is one of the dis- 
torted pseudo-iMeissner corpuscles so often observed in pigmented nevi. 
A large axone (black rectangle) runs obliquely through it, surrounded by its 
clear sheath. Bielschowsky reduced silver method with gold toning. 
X 950 - 

Fig. 7. Longitudinal section of a nerve trunk running through a nc\ms nest. 
Many of its fibers appear to be non-medullated. Ranson-Cajal reduced 
silver method vdth gold toning, x 800. 

Fig. 8. Topographic picture of a netA'c of the corium entering a nevus at its 
base; just below center the nevus cells arc sharply focussed, rather out of 
focus at the bottom. The nerve runs along the right border of the picture 
directly into the nests. The black masses at the upper left arc collagen 
bundles in the corium. The section was cut tangentially with the epidermis 
and a millimeter or so beneath it, which demonstrates the intimate associ- 
ation of the peripheral nerves with the tumor which dips down along them 
from the upper, into the deeper skin layers. Bielschowsky reduced silver 
method, gold toning, x 350, 
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Plate 53 


Fig. 9. A field to show the intermediate type of growth lying between the 
ne\nis nests and the "lames foliacees.” Note the two t^'pes of cell and the 
intricate endoneurial fibrils. “P. g. s.” technique, Variant 2. x 800. 

Fig. 10, For comparison wth Figs. 2 and 9; a field from a nerv'e in normal 
human tongue impregnated by a Variant 6 of the "p. g. s.” method. 
The striking similaritj"^ of the sheath cells to the nevus cells is at once ap- 
parent. The endoneurial fibers are not as sharply brought out by this vari- 
ant as in that of Variant 2 or 5, but the cells and their connection with the 
sheath webs is so well shown as to make up for this, x 950. 
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Technique 

Rogers’ method was followed very closely in the main, with a few 
slight changes in the procedure calculated to fit the case in point. 
In carrying out this technique it is well to wear rubber gloves, for 
the silver solutions are very strong and stain the fingers and hands 
intensely. A strong solution of potassium cyanide in water will re- 
move these stains fairly well if used immediately, but its very poison- 
ous nature makes it a poor and dangerous substance to have about 
the laboratory, and it should be employed with extreme caution. 

Fixation: lo per cent formalin is used, with a 2 per cent solution 
of ammonia in absolute alcohol as an alternative. Rogers also uses 
Bouin’s fixative, and notes that either neutral or non-neutralized 
formalin may be employed. 

Embedding: This is carried out in the usual manner, the blocks 
being dehydrated mth 80 per cent, 95 per cent and absolute alcohol, 
but to each of these 2 per cent of ammonia is added. Then the 
blocks are kept for an hour or so in pure absolute alcohol, run 
through chloroform and chlorofoim-parafi&n, and then into paraffin. 
After sectioning, the paraffin is removed with xylol, the sections 
run through absolute alcohol, and they are then kept for 12 to 
24 hours in 95 per cent alcohol with 2 per cent ammonia. It was 
found that material embedded in the usual way, without the addi- 
tion of ammonia, gave good results if the long, ammonia-alcohol 
treatment was resorted to after the paraffin had been removed. In 
fact, many of the illustrations in this article were made from sections 
so treated. 

Impregnation: After a rinse in 80 per cent alcohol, the sections 
are placed in 40 per cent aqueous silver nitrate solution in the 
incubator for 20 minutes at 37° C, the staining-box being placed on 
the heating plate. This is a very concentrated solution, to be sure, 
but its use seems to be unavoidable. The sections are rinsed briefly 
in distilled v/ater and treated with 20 per cent formalin for 5 min- 
utes, after which they are changed into i per cent formalin for a 
few minutes. From this they are taken one by one, blotted briefly 
with filter paper to remove the excess formalin (but not to the point 
of dryness) and flooded with a few drops of a diammoniacal silver 
solution from a dropping-bottle. The .solution is left on for 30 to 
60 seconds, poured back into the bottle and the slides blotted off on 



CONCERNING THE HISTOLOGY OF MELANOMA* 

11 . WITH SPECIAL CONSIDERATION AS TO THE NERVOUS 
ELEMENTS OF THE TUMOR 

Nathan Chandler Foot, M.D. 

{From the Deparlmeitl of Pathology, College of Medicine, University of Cincinnati 
and Cincinnati General nospital, Cincinnati, Ohio) 

In the first paper under this title (Foot much evidence was ad- 
vanced in support of Masson’s ^ theory as to the nervous origin of 
melanoma, but there were a number of important points that re- 
mained obscure and required further working out, chief among them 
the fate of the nerve trunks that were found traversing the tumor 
nests, a matter that was left largely to conjecture, the supposition 
being that they continued out to the epidermis and broke up to 
jom in the formation of a more or less hypothetical nervous rete in 
the pars papillaris. One was left with the impression that the lack 
of a method that would definitely and metachromatically distin- 
guish between nerves and connective tissue fibers and would dem- 
onstrate the ultimate distribution of the former, was a distinct 
handicap. 

Rogers’ ® technique for impregnating nerves in paraffin sections 
has supplied this deficiency in part, but its use has not entirely 
cleared up the matter, for the extremely delicate network of fibrils 
that surrounds the more primitive cells in the tumor nests still eludes 
definite classification. By applying this method, however, it has 
been possible to carry the investigation several steps further along 
Its original line, reinforcing what has aheady been said and warrant- 
ing the publication of a report on the progress thus accomplished. 

As material for this report a munber of benign and malignant 
melanomas were utilized. The benign tumors were of two distinct 
types : {a) those that were flat, brown and hairy, and (&) those that 
were more or less pedunculated and often almost non-pigmented. 
The malignant tumors were in part primary, in part metastatic. As 
normal control material, sections from a clavus of the toe arid from 
the tip of normal human tongue were used. A small neurofibroma 
of the palmar surface of a finger served as additional control material 
and afforded interesting comparison with the melanomas. 

* Received for publication March 14, 1932. 
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experiment with this step until he has obtained the desired results. 
Dilution, a little more or a little less ammonia, or variations in the 
length of immersion of the sections in the fluid may all be resorted 
to. The method will give brilliant results if one but perseveres in 
its use. 


Results of the Investigation 

As tactile corpuscles and nerves play the leading part in Masson’s 
theory and as we are interested in proving or disproving this, sec- 
tions of tongue, of a com and of a neuroma were first examined 
to determine the value of this method. The results are shown in 
Figs. I, 2, 3, 4 and 5. 

In the tactile corpuscles of the skin, the nerves run in medullary 
sheaths to the base of the organ, lose their sheaths and appear to 
ramify within the capsule among the epithelioid cells, apparently 
terminating in extremely complicated networks (Dogiel’s “Reti- 
kolaren”) see Fig. 2, or in club-like expansions (Fig. 3). In the 
tongue the latter are more usual and one finds, in addition, bodies 
resembling Grandry’s corpuscles (Fig. 3), composed of two cells with 
a nerve filament lying between their apposed surfaces. The clubbed 
terminals may, in some instances, lie in the connective tissue outside 
of the tactile corpuscles. In both skin and tongue, heavy, webbed, 
non-medullated fibers may be found running about in the pars 
papillaris (Fig. 4). These are important structures to bear in mind 
later on, when the same fibers are being described in the case of the 
tumors. As to the neuroma (Fig. 5), it is found to be made up of 
coiled, parallel nerve tmnks with medullary sheaths and an excess 
of fibrous tissue between trunks. The nerves seldom tend to stray 
from the neural sheath and the picture is, therefore, quite different 
from that to be described in connection with the melanomas. 

Having established some standards, let us see what is found in the 
pigmented nevi. The large, flat variety shows numerous acini of 
primitive, polygonal cells that were described in the first paper; the 
larger, more epithelioid “Meissner” cells are not well represented - 
In such tumors it is possible to demonstrate nerve trunks at the base 
of the growths and trunks lying within their thin, perineural .sheaths 
in tlie center of tumor nests (Figs. 6, 7 and 8). Often the nerves seem 
to impinge upon a tumor alveolus and stop at its margin (Fig. 7), 
but it is occasionally possible to demonstrate nerve fibrils apparently 
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the same filter paper. The reagent is made up as follows: to a 
given quantity (say 20 cc.) of 20 per cent aqueous silver nitrate, 
strong anunonia is added drop by drop until the resulting pre- 
cipitate is just dissolved; then one drop of ammonia for each 2 cc. 
of silver solution (in this case 10 drops) is added to afford the 
necessary excess, after wliich the solution is diluted with an amount 
of distilled water equal to the original quantity of silver nitrate 
solution (here, 20 cc.). 

The blotted sections are next placed in 20 per cent formalin, 
where they turn bright yellow to old-gold. It should be noted that 
the sections should not be washed between, steps, merely blotted long 
enough to remove the excess reagent. It should also be remarked that 
no sodium hydroxid is added to the impregnating solution, as in 
the case of some other methods of impregnation. 

Toning: The sections are then washed in distilled water and 
toned for 15 minutes in a 1:300 aqueous gold chlorid solution to 
which 2 cc. of glacial acetic acid has been added for each 100 cc. 
This is said to restrain the impregnation of the connective tissue 
fibers without interfering with that of the nerves, thus affording 
better contrast. It turns the sections from old-gold to grayish, or 
slate. They are then intensified by a 5 minute immersion in a 
solution containing 2 per cent oxalic acid and i per cent formalin. 
This changes the gray color to purple and gives more colorful pic- 
tures. After washing at the tap, fixing for 5 minutes in 5 per cent 
sodium thiosulphate and washing once more, the sections are run 
up through ascending percentages of alcohol into xylol and thus to 
Canada balsam, in the usual way. 

The connective tissue is lavender to purple, the nuclei black, 
the nerves highly refractile and black to brownish black, and the 
only source of confusion is the impregnation of the fibrils of the 
erector pili muscles and the delicate fibers in the tumor nests; 
the reticulum is poorly impregnated throughout. All efforts to im- 
prove upon this method by reducing the strength of the very con- 
centrated solutions utterly failed. There is only one reason for at- 
tempting improvements and that is the somewhat variable results 
obtained during the flooding of the sections with diammoniacal 
silver solution. It is supposed to be heated to about 50° C, but it 
was found to be too powerful when heated and the melanoma sec- 
tions were overimpregnated as a result. The investigator should 
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muscles with the tumor cells (Fig. 12). In almost every tumor 
examined these were either closely surrounded by tumor cells or 
they were broken up so that small, atypical smooth muscle cells be- 
came intercalated between tumor cells. Masson has already stressed 
this close association. In one tumor strands of skeletal muscle are 
found near sebaceous glands, running fanwise into the tumor. Both 
t)Tpes of muscle cell, however, appear always to be in the minority 
and may be merely “sympathetically” involved, as is often the case 
with basal cells of the epidermis over such tumors. If one attempts 
to revamp the scheme of the pigmented nevus on a muscular basis 
one does not get very far, but that we must bear in mind the possi- 
bility of this beiag a mixed tumor is clearly indicated. 

It seems, then, that benign pigmented nevi fall into two extreme 
types: those poor in nervous elements and composed of primitive, 
polygonal cells in ovoid nests (grossly, flat tumors) and those rather 
rich in nervous elements and composed largely of what appear to be 
perverted Meissner corpuscles, in the form of Masson’s “lames foli- 
acees.” Transitions between the two types are so frequent that it 
seems unwise to attempt a definite separation of these — they are 
described merely for the sake of accuracy. 

The malignant tumors examined did not throw much light upon 
the subject — they get too far away from the rather complicated dif- 
ferentiation of their benign congeners for one to draw very definite 
conclusions concerning them. When they metastasize to lymph 
nodes they are even less obviously related to the benign type, for 
they are quite innocent of pseudo-Meissner bodies and nerve fila- 
ments. In their primary sites, however, they possess more or less 
similarity to the bem'gn growths and there seems to be no reason for 
our recasting our theories as to the relationship of the two. 

Masson derives the t>qDe cell of the tumor from that of the sheath 
of Schwann and this idea was adhered to in my first paper, but now 
that a good method for staining the nerv’^e fibers has been found, one 
hesitates whether to ascribe the origin of the type cell to the Schwann 
cell or to those of the endoncurium and perineurium. It is veiy^ 
difficult to decide the que.stion on the basis of the material at hand. 
Comparing melanomas with a neuroma, how'ever, one may say 
that the latter consists chiefly of nerve trunks with proliferated 
epineural or fibrous sheath cells and intemcural fibrous tissue; the 
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rimning into an alveolus (Fig. 8). All attempts to connect them 
definitely with the fine reticulum among the tumor cells failed. 

The second type of mole examined, more or less pedunculated and 
definitely raised above the epidermal surface, shows more cells of 
the epithelioid type and much more resemblance to Meissner cor- 
puscles. In some cases the nerves appear to run in the interacinar 
stroma, to terminate either in blunt coils or in branching, finger-like 
terminals with something of the appearance of abortive Dogiel end- 
ings (Fig. 9). In other instances one finds large, clubbed cells here 
and there that resemble the nerve terminals in the Meissner bodies, 
but are unconnected with nerve trunks. One also notes, among 
these, double groups of cells resembling Grandry bodies, but again, 
lacking nerve filaments. In this t)pe of tumor it is possible to trace 
the meduUated nerve trunks much farther out toward the epidermis 
than one can in the preceding t3pe. Many of the trunks almost im- 
mediately become non-medullated and of the thick, webbed type 
shown in the pars papillaris of normal controls. These may show 
very fine forms with varicosities along their course, lying among 
tumor cells and coursing along their borders. 

One rather large, sessile mole, that was already used in the work 
described in the preceding paper, shows very striking differences 
when compared with its fellows, with the exception of one mole that 
was very similar to it in its gross appearance. One is immediately 
struck with the presence of numerous elongated cells that impreg- 
nate deeply and are often reticulated, resembling the clubbed termi- 
nals of the nerves in the Meissner bodies. Among these one notes 
munerous stout fibers that impregnate in a peculiar manner and are 
somewhat similar to those seen in the pars papillaris of the skin; they 
contain vacuoles at intervals and are otherwise more compact than 
the webbed filaments already referred to (Fig. 10). It is at once 
evident, on examining the “lames foliacees” of this tumor (struc- 
tures not prominent in the fiat type of nevus) that these present 
most of the distinguishing features of Meissner bodies. The large, 
clubbed endings are often suggested and structures that appear to 
be abortive attempts at the formation of DogieFs “Retikolaren” 
can be easily found (Fig. ii). In isolated instances, meduUated 
fibers are seen traversing the laminated bodies in their long axis. 

One is made increasingly uneasy, while studying aU types of these 
benign tumors, by the very intimate association of the erector pili 
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All the photomicrographs were taken from sections impregnated by the 
Rogers’ technique. They are all at 800 diameters magnification, except Fig. 2, 
which is about 2000 diameters. They were made by Prof. J. B. Homan, of our 
Department of Medical Art, with the assistance of the author, 

Plate 54 

Fig. I. Meissner corpuscles just beneath the epidennis of a clavus. 

Fig, 2. Oil immersion photomicrograph of a portion of a Meissner corpuscle, 
to show the complicated, webbed “Retikolaren” of Dogiel. 

Fig. 3. Two Meissner bodies from normal human tongue, showing a somewhat 
simpler form of nerve terminal than that seen in the preceding pictures from 
the skin. Note the numerous nerve filaments in the stroma and the two 
reniform nuclei with a small fibril between them (Grandry body?). 

Fig, 4. Reticulated non-medullated fibers from the pars papillaris of the epi- 
dermis, one fibril running across an epidermal papilla. 
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melanoma, on the other hand, appears to consist of cells connected 
more especially with the nerve terminals and their adnexa and, to 
a lesser extent, with the end filaments themselves. This bears out 
Masson’s theory m every particular save one — the derivation of the 
type cell from the Schwann cell — and this cannot be refuted; it 
seems safer, for the present, not to be too categorical as to the deri- 
vation of the type cell, beyond saying that it is probably derived 
from one of the cells of the inner neural adnexa. 

Summary 

By means of Rogers’ technique of silver impregnation, it has been 
possible to demonstrate nerve fibers in melanomas and to show a 
striking resemblance between Masson’s “lames foHacees” and the 
normal Meissner corpuscles, not only in respect to their morphology 
(which Masson has already brilliantly shown), but also in connec- 
tion with the distribution of nerve filaments in and about them. 
This article merely reinforces what was said in its immediate prede- 
cessor and supplies some of the deficiencies tliat were to be noted in 
that paper, which were due to the lack of a suitable method for at- 
tacking the problem. 
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Pl-ATE 55 

Fig. 5. Field from a small neuroma, to demonstrate the coarse medullatcd 
fibers of which it is largely composed, together with some finer fibrils. This 
was chiefly made up of fibers like those at the upper right and lower middle 
portion of the picture. Distortion of the large fibers is due to formalin 
fi.xation. 

Fig. 6. .A nerve trunk lying in a tumor nest; note the perineural sheath. 

Fig. 7. A trunk with coarser fibrils impinging upon the base of a tumor nest, 
but not penetrating into it very deeply. 

Fig. S. .*\ similar trunk leading into a small tumor alveolus; here, too, the 
fibrils appear to fail to penetrate deeply; one of them has a lancet-shaped 
terminal swelling, indicating that the fibrils do not communicate or connect 
with those among the cells. 
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Fig. 9. Coarse nerve bundle from a raised, sessile mole. It runs in the inter- 
alveolar stroma and apparently terminates in finger-like branches. 

Fig. 10. Compact nerve fibrils, with small vacuoles, seen in the tumor tissue 
of a sessile, non-pigmented mole of the face. 

Fig. II. A “lame foliacee” from the tumor shown in Fig. 10, to be compared 
with Figs. I, 2 and 3. A few structures resembling nidimentary Dogicl 
terminals may be seen and a bodj' very much like an enormously elongated 
nucleus, but probably a nerve terminal, may be noted near the center of 
the field. 

Fig. 12. Erector pili smooth muscle fibers intimately associated with the 
tumor shown in the preceding figures, coarse “nevus fibers” and nerve 
fibers are seen here and there. 
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The inorganic remains of the various cancerous growths were 
studied in dark-field illumination obtained by using a Zeiss cardioid 
condenser. The material was incinerated in an electric quartz oven 
at a temperature of 650° C in the manner previously described."* 
Comparative examinations of aU incinerated neoplastic material, 
with the accompanying control histological preparations, demon- 
strated how*^ admirably the cancerous newgrowths lend themselves 
to this technique, as the fixed mineral elements retain their dis- 
tinctive morphological organization. 

The first preliminary observations of the microincinerated tu- 
mors confirmed the previous contentions of Policard and Doubrow 
that cancerous tissue remains carbonized longer than normal tissues. 
Another striking phenomenon we detected was that the intensity 
and distribution of the mineral ash deposit is more abundant within 
the invading new^growths than in the surrounding stroma. This ex- 
traordinary concentration of the inorganic salts in the tumor tissue 
is well showTi in the accompanying photomicrographs (Figs, i, 3 
and 4), and w'as found to be a feature peculiar to both human and 
rodent neoplasms. 

More detailed analysis of the breast carcinomas shows that the 
infiltrating cancerous newgrowths are characterized by a heavy 
deposition of mineral salts when viewed at low' magnifications. Ob- 
servation witli oil immersion lenses show's that the nuclei contain 
rather more ash residue than do nuclei of the normal duct tissue. 
This deposit is concentrated along the peripheral margins of the 
nuclei (Figs. 3 and 4) and corresponds well with the hyperchromati- 
zation described by Horning and Richardson '' in malignant growths. 
The nuclear inorganic salts contain visibly more iron o.xide than do 
those of normal cells. 

The remaining mineral deposits in the c>'toplasm are more abun- 
dant than in the normal cells and contain an appreciable quantity 
of calcium and iron salts. 

There are evidently at least three factors causing an increased 
appearance of ash in the cancerous ingrow’tlis when viewed with the 
low power of the microscope. There are more nuclei per unit area 
present tinan in the adjacent fibrous stromal tissue (Figs. 3 and 4), 
and tlic nuclei themseh’cs contain more inorganic residue tlian do 
those of the norma) cells (Figs. 2 and 4). In addition to these factors 
the cytoplasm of the nc'oplastic cells contains more mineral .salts 
than is usual for such thsue (Fig. 2). 



HISTOCHEMICAL STUDIES BY MICROINCINERATION 
OF NORMAL AND NEOPLASTIC TISSUES * 
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{From the Department of Anatomy, Washington University School of Medicine, 

St. Louis, Mo., and the Departments of Anatomy and Cancer Research, 

The University of Sydney, Sydney, Australia) 

Policard and Doubrow ^ in 1924 were the first investigators to 
apply the technique of microincineration to a comparative study of 
normal and malignant tissues. Apart from finding a slight difference 
in the mineral ash content between the cancerous and correspond- 
ing normal cells, they demonstrated most convincingly the ad- 
vantages of this method, not only as a histochemical but also as a 
pathological technique. Recently Scott ^ devised an improved 
method by which the inorganic structure of the incinerated material 
can be more readily observed, and also by which the intensity of the 
mineral salt deposits is more appreciably recognized. With the 
recent use of this method the results obtained by Homing and 
Scott,® which indicate that morphogenesis in the developing embryo 
is accompanied by apparent differentiation of the inorganic con- 
stituents, are extremely interesting when correlated with the Cohn- 
heim “embryonal theory,” according to which tmnors are held to 
proliferate in much the same way that embryonic tissue grows. 
Under these circumstances it was considered advisable to reinvesti- 
gate the inorganic nature of malignant and normal tissues by means 
of this improved technique. The neoplastic material consisted of 
human medullary duct carcinomas of the breasts, as well as of 
several of the scirrhous types,! together with the following trans- 
plantable mice tumors: M 63, S 37 and S 180. 

* Aided by an appropriation from a grant made by the Rockefeller Foxmdation 
to Washington University for research in science. 

Received for publication February i8, 1932. 

t We desire to express our thanks to Dr. Robert Elman who supplied us with this 
material. Thanks are also due to Dr. Leo Loeb and Dr. F. Carter Wood for providing 
these rodent transplanted tumors. 
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DESCRIPTION OF PLATES 
Plate 57 

Fig. I. Photomicrograph of an incinerated section through a human duct 
carcinoma of the breast. Observe the difference between the mineral ash 
content in the infiltrating mah’gnant tissue and that of the adjacent fibrous 
stromal stmctiues. 

Fig. 2. Showing camera lucida drawing of the same, as seen under a higher 
magnification. Note the conspicuous peripheral accumulation of inorganic 
salts in the nuclei of the invading tumor tissue. 
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A comparative examination of the transplantable rodent carci- 
noma and the sarcomatous growths reveals that both are rich in 
mineral ash deposit. The differences, however, between the stroma 
and the infiltrating malignant growth are less marked than in the 
human neoplasms, as the cells composing the surrounding stromal 
regions contain more inorganic residue. Nevertheless, the distinction 
between the pathological and the adjoining healthy tissues is clearly 
defined. Another interesting feature is that the nuclei of the sar- 
coma cells of the mice appear to contain greater concentrations of 
inorganic material than do the nuclei of carcinoma M 63, while the 
mineral salts in the cytoplasm are distributed in a more diffuse 
manner. 

A survey of the inorganic structure of neoplastic and normal tis- 
sues demonstrates conclusively that malignant growths are richer 
in their mineral contents than normal tissues — especially in cal- 
cium and iron oxide. Beebe and Clowes,® employing biochemical 
methods, have shown that necrotic tumors contain more calcium 
oxide than rapidly growing cancers free from necrosis. Although 
necrotic areas incinerate less readily, our observations by micro- 
incineration yield supplementary evidence. 

Conclusions 

The results obtained from this investigation are of interest, inas- 
much as they have demonstrated that functional differences be- 
tween cancer and normal tissues are exhibited inorganically by 
marked variations in their inorganic content. 

An additional feature is the close similarity between developing 
embryonic cells and cancer cells — a similarity which is mainly due 
to the distribution and arrangement of mineral salts. Both of these 
cells are characterized by an extraordinary variation in the intensity, 
concentration and orientation of their inorganic constituents, and 
contrast greatly, on the other hand, with the appearance of the 
mineral elements in the healthy adult tissue, which remain propor- 
tionally fixed. This “inorganic reversion” of the cancer cell, as re- 
vealed by microincineration, is interesting in view of Cohnheim’s 
theoiy- to the effect that malignancy depends upon the retention of 
small groups of cells of embtyonal character. 



Plate 58 

Fig. 3. Photomicrograph taken with higher magnification, depicting inciner- 
ated sections of a human duct carcinoma of the breast. Observe the in- 
creased mineral salts in the invading growths and compare this with the 
inorganic remains of the surrounding stroma. 

Fig. Showing the curious peripheral concentration of mineral salts in tlic 
nuclei of the neoplastic tissue. 
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Histochemical Studies by Microincineration 
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The patient was readmitted to the hospital on Jime 7, 1926, and 
on the 19th, removal of the growth was done again with a similar 
application of radium. She was retained in the hospital under con- 
stant observation, but on August 17 she developed such marked 
stenosis that a tracheotomy was performed and the tube retained 
until her subsequent death. 

Follovnng the tracheotomy, at several intervals, large masses of 
papillomatous material were removed from the larynx. However, 
her physical condition was so improved by the tracheal operation 
that her father insisted upon taking her home. In spite of instruc- 
tions that he was to bring her back at stated intervals for the clean- 
ing of her tracheal tube, this was but rarely done. 

In March 1927, the last removal of small papillomatous masses 
from the larynx was done. There seemed to have been a marked re- 
duction in the general tendency to redevelopment. However, the 
following summer she was brought into the hospital in a dying con- 
dition by her father, he having attempted to change the tracheal 
tube and failing to reinsert it properly. In all, this child was in the 
suspension apparatus ten times. 

An autopsy was performed and the following report of Dr. Oester- 
lin, describing unusual pathological findings, is here presented. 

Gross Findings 

Well developed, normal child, 3 years of age, with a tracheotomy 
wound and tube in situ. After removal of the cannula, a large 
papillary tumor was found projecting into the wound. 

Upon opening the trachea, the whole of the larynx and tlie upper 
part of the trachea were found to be filled with cauliflower-like 
masses, the single elements of which presented a distinct papillary 
structure varying in size from that of a millet seed to that of a lentil. 

A few of these masses were larger and attained the size of peas. They 
were grayish white in color, and of firm consistence. 

The larynx was entirely filled with these masses in such a way 
that no details of its structure could be made out. Tire epiglottis 
could hardly be seen and was almost entirely covered with papillary 
tumors. 

The adjacent organs, the esophagus and the large blood vessels, 
were intact and there was no invasion of the tumor into them. I he 
thjToid gland was small and showed no lesions. 



A CASE OF MULTIPLE PAPILLOMATA OF THE LARYNX 
WITH AERIAL METASTASES TO LUNGS * 

Henry B. Hitz, M.D., and Ernst Oesterun, M,D. 

{From the Milwaukee Hospital, Milwaukee, IFm.) 


Dorothy G., aged 2 years, white, female, was admitted to the 
Milwaukee Hospital, March 16, 1925, with difficulty in breathing 
and inability to speak aloud. The history, as obtained from her 
parents, was that at the age of i year she had a dry irritative cough 
followed by a gradual loss of voice, and since that time has been able 
only to whisper. For two months prior to her admission to the 
hospital she had occasionally at night a rather marked dyspnea. 
The child had been a full-term baby, normally delivered, was breast 
fed for the first thirteen months, and had previously not been ill. 
At the time of admission she was well developed and weU nourished. 
There was nothing abnormal in the family history. The father and 
mother were strong and physically well, as were two other children, 
one older and one younger. 

Examination at the time of admission showed no abnormality in 
the nose, nasopharynx or throat. The tonsils were small and normal 
in appearance and there was no perceptible adenoid mass present. 
The larynx showed what appeared to be multiple papillomata cov- 
ering the vocal cords and much of the ventricular bands. 

On the following day, March 17, under direct laryngoscopy, nu- 
merous papillomatous masses were removed from the lar3aix and 
sent to the laboratory for sectioning. The pathological diagnosis 
was benign papilloma. 

After a short period of time in the hospital she was discharged, 
but was readmitted with similar symptoms, Sept. 9, 1925. Exam- 
ination showed redevelopment of papillomata in the larynx, and 
they were removed again tmder direct laryngoscopy. She was dis- 
charged with improved breathing and speech, but a few months 
later, on March 20, 1926, she was readmitted and imderwent similar 
treatment. On this occasion, while still in the suspension apparatus, 
she was given an application of radium for two and one-half milli- 
gram hours, and after a few days discharged. 

* Received for publication December 8, 1931. 
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Comment 

The interpretation of the primary growth is not difficult. There 
is little doubt that here we were dealing with multiple papillo- 
mata of the larynx. The growths were removed from different sites 
at different times and always showed the same type of growth as 
can be seen in Fig. i. 

The presence of these tumor masses in the lungs is not as easily 
understood. At first glance, on the postmortem table, it was thought 
they might be complicating tuberculosis, but under the microscope 
they are distinctly seen to be a neoplastic growth (Fig. 2). The 
question then arises whether or not these nodules in the lungs were 
metastases from the tumors in the larynx. The age of the patient, 
and the .evidently benign type of growth, seem to speak against 
metastases. In order to detect and definitely rule out a metastatic 
dissemination of the tumor through lymph channels, many sections 
of the peritracheal and peribronchial glands were made without 
finding metastases in these lymphatic structures. 

Another possibility is that the nodules in the lung had an origin 
analogous to the growth in the larynx, resulting in a condition of 
multiple papillomata in the bronchioli. In this case it must first be 
assumed that a metaplasia of the columnar epithelium of the bron- 
chiolus took place into a squamous stratified epithelium, from 
which this type of tumor only can arise, but no reason was found to 
substantiate such a change. Furthermore it is difficult to under- 
stand why the lower half of the trachea and all of the larger bronchi 
should have been free and only the smaller bronchioli filled with 
tumor masses. It is also not easy to trace the connection of each 
nodule witli the bronchiolus; sometimes the tumors were lying free 
in the lung alveoli. 

The interesting findings in Figs. 3 and 4 suggest another inter- 
pretation. These slides show plainly how the tumor completely fills 
a part of the lumen of a bronchiolus. This would suggest the inter- 
pretation that all of these tumors in the lung had the same common 
origin, namely, that the tumor masses growing too rapidly in the 
lar>mx v.’cre detached and carried into the bronchi by aspiration. 
They passed the larger bronclii but were caught in the bronchioli, 
obstructing their lumina. In this way they became implantation 
metastases and began to grow into the alveoli. In some area.s con- 
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The lower half of the trachea and the large bronchi showed no 
pathological findings. In the lungs, however, there were many small 
cavities, var3dng in size, some as large as hazel nuts. Frequently 
their connection with the smaller bronchioli could be traced. The 
walls of these cavities were covered with fine granules about the size 
of millet seeds. The other organs throughout the body were found 
to be normal. 

Microscopic Findings 

The primary growth from the larynx and trachea (Fig. i) pre- 
sents a stalk of connective tissue, rich in hyperemic blood vessels. 
The epithelial lining of this stalk consists of many layers of squamous 
stratified epithelial cells without hornification. In the upper layers 
the cells are large and polyhedral. In the basal layer the cells are 
columnar and their nuclei stain more intensely with hematoxylin. 
The cells are regular throughout, without any remarkable difiFerence 
in size or shape. There are a few polymorphonuclear leukocytes 
scattered among the epithelial cells. The submucosa is in some areas 
invaded by lymphocytes. As is usual in papilloma of the larynx 
there are many mitoses. 

The nodules in the lungs (Fig. 2) sometimes form compact masses, 
but frequently contain central lumina which are either empty or 
filled with desquamated cells and polymorphonuclear leukocytes. 

The tumor cell strands consist of squamous, stratified epithelial 
cells resembling those foimd in the larynx. There are large, poly- 
hedral cells which stain lightly with hematoxylin. Columnar ceUs 
are frequent; they form not only the basal layers as in the primary 
growth, but are also to be found everywhere between the polyhedral 
cells. Mitotic figures are still more frequent than in the tissue from 
the larynx. 

The strands of epithelial cells are in some areas directly adjoining 
the lung alveoli; in others there is a zone of connective tissue which 
separates the tumor cells from the walls of the alveoli. 

A view of Fig. 3 shows a white space lined by columnar epithelium, 
which a,pparently corresponds to the epithelial lining of a bronchi- 
olus. This lumen contains, besides detritus and white blood cells, 
some squamous stratified epithelial cells of exactly the same struc- 
ture as were found in the papilloma of the larynx (Fig. 4). 
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Summary 

The case here described is one of multiple papillomata of the 
larynx with metastases to the lungs through the bronchi (aerial 
metastases). 
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DESCRIPTION OF PLATE 
Plate 59 

Fig. I. Primary growth. Papilloma of larynx. 

Fig. 2. Aerial metastases. Low power. 

Fig. 3. Bronchus shelving aspirated tumor mass in its lumen. 
Fig. 4. Central part of lumen (papilloma under high power). 
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nective tissue had abeady been formed, apparently as a reaction 
against the foreign body, such as would result from stray particles 
of tmnor tissue invading the lung. 

Discussion 

The text-books of pathology mention little or nothing about 
metastases through the bronchi. Only in the French literature is 
attention given to this possibility. Ribadeau-Dumas ^ mentions 
the “greffe bronchique” (bronchial graft) for aspbated particles of 
a cancer of the esophagus which become grafted in the parenchyma 
of the lung. 

LetuUe^ describes them as uncommon, but very characteristic. 
He mentions as primary growths, epitheliomata of the pharynx, 
larynx and trachea. It is easily understood that pedunculated 
vegetations in the lar3mx may at intervals shed some fragments or 
isolated elements, which are stiU endowed with karyokinetic activity. 

LetuUe and Jacquelin ® have described a very interesting case of a 
collapsed lung in which a primary cancer developed. “From this 
primary growth neoplastic colonies arose in the normal bronchioli 
by ‘aspiration.’” They were grafted and formed carcinomatous 
nodules. “Around the bronchus they grew, not only into the in- 
terior of the bronchiolus, but especiaUy into the alveoli connected 
with this bronchiolus. This almost systematic disposition of the 
peribronchic alveoli by the cancer cells cuts out a circular, almost 
regular zone.” LetuUe has coined for this type of metastases the 
term, “metastases aeriennes” (aerial metastases). 

In the case here presented, the tumor was histologicaUy non- 
maUgnant, both in the larynx and in the lung. Nevertheless the 
tmnor represented an actively growing, benign neoplasm, from which 
smaU fragments frequently became detached. It was possible to 
find these fragments in the center of a bronchiolus and to trace the 
origin of the tumor nodules in the alveoli from the invaded bron- 
chioli. In spite of a careful search, no invasion of the l3mphatics by 
tmnor ceUs was observed. 

All of these facts give definite evidence of the invasion of the 
lungs, through the bronchi, by a benign papiUoma, primary in the 
larynx. If this be true, closer attention should be paid to the occur- 
rence of this type of metastasis, with the probability that more 
cases of this type wiU be observed. 
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father the child was bom at term, and was apparently a normal baby except for 
a lump over the lower part of the back. There was no information available as to 
how large the mass was at birth, but the parents believed that it had gradually 
increased in size. There had been no other complaints. The child talked when 
12 months’ old and walked at 14 months. At times she indicated when she 
wished to micturate or defecate. 

Examination: The child was very well developed and weighed 9420 gm. 
(20.7 poimds). There were palpable cervical glands. The head measured 
47 cm., and the chest 47 cm. in circumference. The child walked wthout diffi- 
culty, and seemed quite normal except for the large, soft, tumor mass in the 
lumbosacral region (Fig. i). The mass measured 10.5 by 9 by 4 cm., and was 
covered by healthy skin, upon the surface of which were two small, peduncu- 
lated nodules. There was no detectable abnormality of sensation. Reflexes 
were all present and equal. 

X-ray Report: Roentgenograms of the entire vertebral column from the first 
thoracic vertebra downward revealed a marked defect of the posterior part of the 
neural arches of the fourth and fifth lumbar vertebrae and of the entire sacrum. 

Laboratory Data: Examination of the urine revealed nothing abnormal. The 
blood Wassermann reaction and the Kahn test were negative. Numerous ex- 
aminations of the blood revealed a leukocytosis of from 11,850 to 27,000. The 
percentage of polymorphonuclear (neutrophilic) leukocytes varied from 15 to 
35, while mononuclear leukocytes ranged from 59 to 80 per cent. Definitely 
pathological cells could never be detected although many smears were examined. 
The red blood cells varied from 3,680,000 to 4,600,000 per cmm. The hemoglobin 
varied from 65 to 88 per cent by the Sahli method. 

Operation: On August 6, 1931, the tumor was excised. A midline incision 
was made over the mass through the skin and a very thick layer of adipose 
tissue down to a small tumor nodule about 2 cm. in diameter. The adipose 
tissue was readily dissected ofli the mass, revealing a narrow stalk passing down- 
ward from the nodule tlirough the defect in the posterior vertebral arch into tlie 
spinal canal. The stalk was cut through at its proximal end. The exact relation 
of the stalk to the spinal meninges and neural tissue was not determined. No 
operative repair of the spina bifida was attempted. 

Postoperathe Course: Following the operation the patient made an unevent- 
ful recovery and was discliargcd on September 13, 1931. Examination before 
discharge from the hospital did not reveal any abnormal, objective neurological 
findings. The etiology of tlie leukocytosis was never determined. Roentgeno- 
grams were made of all long bones, the chest and tlie gastro-intcstinal tract; 
none of whicli revealed anytliing abnormal. The child was last seen on Octo- 
ber 13, 1931, at which time she seemed in excellent health. A leukocytosis of 
13,100 was still present. The red blood cells numbered 3,820,000 per cmm. and 
tire hemoglobin was 76 per cent. The head has not enlarged. 

Neoplasm: The tumor itself was fixed in formalin, embedded in 
paraffin, and stained with hematoxylin-eosin, mudearmrne, Van 
Gieson’s acid picro-fuchsin, and Freeman’s method for nerve fibers. 
On incising the tumor mass a small cyst, the wall of which w’as pe- 
dunculated and thrown into folds, was opened (Fig. 7). This 
cyst contained a Uiick, glaiy-, tenacious, mucus-like fluid. 



LUMBOSACRAL TERATOMA ASSOCIATED WITH 
SPINA BIFIDA OCCULTA* 

3 iEPORT OF A CASE WITH REVIEW OF THE LITERATURE 

Paxtl C. Bucy, M.D., and H. E. Haymond, M.D. 

{From the Department of Surgery of the University of Chicago, Chicago, III.) 


Mixed tumors and teratomas of the sacral and sacrococcygeal 
regions have long been recognized and very frequently described in 
the literature. Ewing ^ reports: “They are bulky masses, present at 
birth, lying on the dorsal surface of the sacrum and coccyx, and 
adherent to or enclosed within the periosteum, or connected to the 
bone by a pedicle. Others lie anterior to the sacrum, connected with 
this bone, or with the rectum, and projecting into the pelvis. The 
structure presents cystic and solid portions similar to those of 
teratoid tumors, including cysts lined by various types of epithe- 
lium, dermoids, segments of intestinal mucosa, gland structures, fat, 
muscle, cartilage, and bone and finally, portions of nervous and glia 
tissue. In addition, a great variety of rudimentary organs are ob- 
served. These include segments of intestine with mesentery, rudi- 
mentary esophagus, stomach, and buccal cavity with salivary 
glands, pulmonary parenchyma, bronchi with cartilaginous rings, 
thyroid, pancreas, spleen, adrenal, kidney, brain with ventricles and 
choroid plexus. The bones may reproduce well-formed extremities, 
as forearm and hand, tibia, femur, and joint, pelvis and extremities, 
toes, and eyes. In fact, Askanazy regards the sacral teratomas as 
tlie most prolific in the production of rudimentary organs.” On the 
other hand similar lesions of the lumbosacral region are exceedingly 
rare, and for this reason we present a case of lumbosacral teratoma 
associated with a lower lumbar and sacral spina bifida. 

Case Report 

^ CuNiCAi, History”: Female, aged 15 months, mass in lumlosaeral region since 
hrth. Spina bifida. Unexplained leukocytosis. Extirpation of teratomatous tumor. 
Recovery. 

E. Del M., a Afexican female, aged 15 months, was admitted to the Bobs 
Roberts Alcmorial Hospital for Children on August 3, 1931. According to the 

Presented before the Chicago PaUioIogical Society, February S, 1932. 

Received for publication February 29, 1932. 
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which there were many bundles of myelinated nerve fibers, a gan- 
glion containing many ganglion cells, an atypical Vater-pacinian 
corpuscle, a lymph node and much smooth muscle. The myelinated 
fibers did not differ from similar bundles of fibers found elsewhere in 
the body (Fig; 6). The ganglion (Fig. 6) was comparable to those 
found normally in the S3mipathetic nervous system or to the pos- 
terior root ganglia. It contained many typical large ganglion cells. 
Unfortunately the various stains did not demonstrate the processes 
of these cells and it was impossible to state whether they were uni- 
polar or multipolar cells. Each was surrounded by a group of t3rpical 
spindle-shaped capsule cells and numerous nerve fibers could be 
seen running through the ganglion. The Vater-pacinian corpuscle 
(Fig. 4) was found in the tumor not far from the ganglion and 
amongst the bundles of myelinated nerve fibers. The corpuscle had 
a definite connective tissue capsule, beneath which were several 
layers of fine concentric rings associated with a few flat, elongated 
nuclei. This large ring of fibers enclosed five smaller but similar 
rings, the central portions of which contained numerous concentric 
rings of fine fibers but no nuclei. In one of these smaller rings a 
central canal comparable to the inner bulb of the normal corpuscle 
was seen. There was also within the larger ring a small collection of 
cells with large oval nuclei and no definite cytoplasm. The lymph 
node presented nothing remarkable. It was composed of numerous 
small, round nuclei without definite cytoplasm. They were rather 
heavily stippled mth chromatin. There was a definite connective 
tissue framework and a few small blood vessels. 

Discussion 

Dr. George W. Bartelmez of our Department of Anatomy very 
kindly examined the sections of this tumor. He was of the opinion 
that the ciliated columnar epithelium which lined the cystic cavity 
was most comparable to the epithelium of the respiratory system. 
The glands which were definitely mucous in character were com- 
parable to the tracheal glands. Admittedly other possibilities must 
be considered. It would seem obvious that any relation between 
this tissue and ependyma can be ruled out definitely for several 
reasons; the epithelium was definitely a mucus-secreting structure 
as it contained numerous, large goblet cells, and the cells and lumen 
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Microscopic Findings 

Fluid: The mucus-like fluid was smeared immediately after re- 
moval, fixed with alcohol and stained with hematoxylin and eosin 
(Fig. 3). It contained numerous cells which varied greatly in size 
from small cells with very dark staining, round nuclei, and a small 
amount of granular, eosinophilic cytoplasm, to enormous cells with 
nuclei as large as the entire area of the smaller cells. The nuclei con- 
tained a heavy chromatin network. -The cytoplasm of the large cells 
was granular, slightly eosinophilic and often markedly vacuolated 
so as to give the appearance of foam cells. The larger cells were 
often multinucleated, and contained from two to four nuclei. They 
also tended to group together in rows of two to five cells. Dr. Wil- 
liam Bloom of our Department of Anatomy examined this smear 
very carefully, and was of the opinion that the larger cells were 
macrophages. He also thought that all stages of transition from 
lymphocytes to macrophages were demonstrable. An occasional 
pol3nnorphonuclear leukocyte was also present. There were no 
ciliated cells in the fluid, as was noted in Kubie and Fulton’s case.^ 
Cyst Wall: The cyst was lined with a columnar epithelium a 
single cell in thickness in most places; however, at points, it assumed 
a pseudostratified appearance (Fig. 7). The cells were moderately 
tall colximnar in type with basal, oval-shaped nuclei. There was a 
definite basement membrane. The external surface of the cells was 
covered with numerous long cilia (Fig. 5). There was no evidence 
of the brush border which is typical of intestinal epithelium. Inter- 
spersed among these columnar cells were many typical, large, swollen 
goblet cells (Fig. 2). In sections stained with mucicarmine the con- 
tents of the goblet cells and the material found in the lumen of the 
cyst stained bright red. Underlying the epithelium and occupying 
the core of the papillae there was a very vascular, loose connective 
tissue. In this connective tissue layer were to be found many glandu- 
lar structures. These structures were composed of a collection of 
alveoli lined with a single layer of coliunnar cells and many goblet 
cells. These glands frequently lay beyond this loose connective 
tissue in the vmderlying layer which was a thick band of smooth 
muscle, or even in the layer of connective tissue which blended with 
the overlying adipose tissue, or with the remainder of the tumor. 

The remainder of the tumor, i. e., that part ventral to the cyst, 
was composed of a rather loose connective tissue framework' in 
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sanguineous fluid intermittently until the time of admission. There 
were no abnormal neurological findings. At operation an apple- 
sized, soft, elastic, sessile tumor was removed and the pedicle ligated 
as it left the sac. The underlying spinal canal defect was closed by 
osteoplastic resection. Recovery was practically imeventful. His- 
tological examination proved the lesion contained atypical and un- 
differentiated muscle fibers, convoluted glands resembling those of 
the large intestine more than the small, mucous glands, as proved 
by staining methods, l3Tnphatic tissue and nerve filaments. 

It would seem very likely, therefore, that we were dealing in the 
case reported here with a trigerminal, congenital neoplasm — a 
teratoma — a “twin” which had not gone on to full development. 
Such a division of the ovum, so as to produce two organisms, might 
have occurred at any time during the presence of the primitive 
streak, i. c., up to the fourth week following fertilization (Bartel- 
mez ®), and would have been due to the physiological isolation of the 
two halves of the primitive streak. . 

Summary 

1. A case of a dorsal lumbosacral teratoma in a Mexican female 
of 15 months is reported. Two additional cases have been collected 
from a review of the literature. All of the cases have been associated 
with spina bifida of the lower lumbar region. None of the three has 
had neurological abnormalities. 

2. The tumor in the authors’ case is composed of a mucus- 
containing cyst lined with ciliated, columnar epithelium thought to 
be comparable to respiratory epithelium, smooth muscle, connective 
tissue, bundles of myelinated nerve fibers, a Vater-pacinian cor- 
puscle, a ganglion containing typical dorsal root or sympathetic 
ganglion cells, and lymphoid tissue. 

3. The teratoma is thought to be an undeveloped “twin” due to 
division of the primitive streak during the first four weeks of em- 
bryonic life. 
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of the cyst contained material which stained well with mucicarmine; 
also, there was a clear-cut, limiting membrane to the epithelial 
layer; and further, the mucous glands in the deeper structures did 
not correspond with any structure related to epend3nna. The possi- 
bility that this is comparable to intestinal epithelium must also be 
considered; however, the absence of the typical brush border is 
against that possibility. The epithelium, although not greatly dif- 
ferent from that of the genital tract, contained numerous goblet cells 
which are seen in the cervix, but not found in the Fallopian tube or 
in the body of the uterus. The cells in the neoplasm, however, are 
not as tall as those seen in the cervix or in the glands of the cervix. 

With the association of this mucous epithelium, the smooth 
muscle, connective tissue and lymphoid tissue, the myelinated nerve 
fibers, the Vater-pacinian corpuscle and the ganglion, we obviously 
are dealing with a trigerminal congenital neoplasm — a teratoma. 

Such structures, as a diligent search through the literature since 
1800 revealed, are exceedingly rare in the lumbosacral region. Tera- 
tomas in the region of the coccyx, anterior to the sacrum, even con- 
nected with the neural structures in the spinal canal through a de- 
fect in the anterior portion of the sacrum, are relatively common. It 
would appear that these develop from remaining vestiges of the 
neurenteric canal and postanal gut. However, no such structure is 
so situated as to explain the origin of this tumor, or of the obviously 
closely related teratomatous spinal cord cysts of Kubie and Fulton, ^ 
and the intradural teratomatous txunor of the spinal cord reported 
by Hosoi.® The first reported case similar to the authors’ is that of 
Sonntag^ in 1925. His patient was a male child 4 months’ old, 
with a midline lumbosacral tumor. The illustration of his patient 
■ is almost identical with Fig. 2. The tumor at operation was found 
to hang on a stalk as thick as a child’s finger, which disappeared 
through a fascia-muscle-bone defect to attach to the dura. Telan- 
gectasia, fibrous tissue, fatty tissue and cartOage were described in 
the tumor, but detailed histological study was not reported. 

The second case was Aloi’s ® patient — a female, aged 19 years, 
who had had a lumbosacral tumor associated with spina bifida since 
birth. It had been considered inoperable at birth, and in about a 
year the tmnor reached the size of a pigeon’s egg. It ruptured spon- 
taneously and drained clear, watery fluid. It then drained sero- 
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Plate 6o 

Fig. I. 15 months’ old Mexican child with a teratoma in the lumbosacral 
region. 

Fig. 2. Portion of cyst wall containing many goblet cells. Hematoxylin and 
eosin. x 200. 

Fig. 3. Smear of the fluid from the <yst showing cells of various sizes including 
one large vacuolated cell (foam cell) in the upper right-hand comer. Heraa- 
toxjdin and cosin. x 200. 

Fig. 4. An atj^pical Vatcr-pacinian corpuscle. In the lower portion is a group 
of concentric rings enclosing a dear space, the inner biilb. Hematoxylin 
and eosin. x 200. 

Fig. 5. Section of the cyst wall showing mass of cilia. The epithelium at this 
point is pseudostratified. Hematoxylin and cosin. x 1200. 
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Plate 6i 


Fig. 6. Ganglion containing numerous ganglion cells, each surrounded by 
several capsular cells. The two bundles of myelinated nerve fibers arc 
present in the lower part of the illustration. Hematoxylin and cosin. 
X loo. 

Fig. 7. Portion of cyst wall lined by simple columnar and pseudostratified 
columnar epithelium. There is a group of goblet cells in the upper left- 
hand corner. Hematoxylin and cosin. x 150. 
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He also continued to take digitalis in maintenance doses, and remained com- 
fortable xmtil May ir, 1930. 

On that day, following a meal, he experienced cramp-like pain in the lower 
abdomen, soon followed by retching and vomiting. He reported to the cardiac 
clinic on May 16. At the clinic his temperature was noted as 102.5° F and he 
appeared acutely ill. He went home to bed, noticed marked weakness, gastric 
distress, eructation and distention. During the week prior to admission, he 
noted the sudden appearance of a painful red spot on the dorsum of his left foot, 
which persisted tmtil the day of admission. Following this, he experienced 
sharp, sticking pain in the large toe of the same foot. This lasted twenty-four 
hours. The next day he felt a similar pain in the large toe of the right foot. 
Four days before admission he noted a painful red spot in the palm of the right 
hand. The day before entrance he felt extremely short of breath and complamed 
of precordial pain and orthopnea. 

In his past history the only illness he knew of, besides the rheumatic affec- 
tions noted above, was pneumonia with empyema in early childhood. 

His family history was negative. 

Physical Examination: On admission the patient appeared well developed, 
fairly well nourished, but acutely and chronically ill. He exhibited dyspnea at 
rest and orthopnea of choice. The head jerked wdth each systole of the heart. 
Pallor was marked, but there was no notable tinting of the skin. The conjunc- 
tivae were the seat of numerous petechial hemorrhages with white centers. The 
sclerae were bluish. The pupils were round, regular, and reacted to light and 
accommodation. In the fundi of both eyes numerous retinal petcchiac were 
seen. The nose was negative for abnormalities. The teeth were in fair condition 
and the tongue was moist. Few petechiae were visible in the mucous membranc- 
of the hard palate. The veins of the neck were not distended. Markedly ac- 
centuated carotid pulsations were visible. 

The chest was deformed on the left side due to retraction of the third and 
fourth ribs and interspaces in the anterior axillary hne. There was dullness over 
the right base, and a leathery rub could be heard on the left side from the angle 
of the scapula down. It had no relation to respiration and was thought to be- 
pleuropericardial. hfany moist rides were audible over the base of the left lung. 

The point of maximum intensity of the cardiac impulse was difficult to locate. 
The impulse was diffuse and was visible in the sixth interspace in the midaxilla, 
13.5 cm. to the left of the midstemum. There was a visible systolic retraction 
in the third and sixth interspaces. A systolic thrill was palpable over the pul- 
monic area, none over the apex. Slight tenderness was elidted over the pre- 
cordiura. The first sound at the apex was replaced by a murmur which began 
in mid-diastole and lasted through systole. It was musical in quality. P2 was 
greater than Aa and accentuated. Over the base of tlie heart a roughened sys- 
tolic murmur was heard and an early blomng diastolic murmur which was 
loudest at Erb’s point. The ventricular rate was 120 and of regular rhythm. 
The pulse was of the Corrigan tj^ie, rate 120. A pistol-shot sound was heard 
over the brachials and fcmorals. The blood pressure was 160/0. 

There was moderate distention and tympanites of the abdomen. 'I he Hv'cr 
and spleen were not felt, and there ^vcrc no signs of fluid. No edema of the 
e.xtrcmitics, or dubbing of the fingers or Iocs, was noted. There was an elevated, 
tender, rcr! no<lc, r cm. in diameter, in the center of the palm of the right hand, 
A .simtl.ar ockIc whidr was not tender was seen on the dorsum of the left j<^t~ 
Tiie.'-c v,-erc many petechiae in rise skin of both the upjKrr and lower extremities- 
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Margaret C. Vance 

{From the Third {N. Y. U.) Medical Division and the Third Division Pathological 
Sennee, Department of Pathology, Bellevue Hospital, New York, N . F.) 

The following case of acute vegetative endocarditis is reported in 
order to call attention to an instance of a fatal bacterial mfection in 
man caused by a microorganism ordinarily considered non-patho- 
genic for man, namely, Micrococcus pharyngis siccus. It was first 
identified by Von Lingelsheim. He found it to be a common inhab- 
itant of upper respiratory passages of normal individuals. It was 
included by Bergey ^ in the Gram-negative cocci of the genus Neis- 
seria and named the Neisseria sicca. 

Schultz ^ in 1919 recorded the first case that we have been able to 
find of bacterial infection in man ascribed to this microorganism. 
His was a case of acute vegetative endocarditis with multiple second- 
ary foci of involvement in a previously healthy young adult man. 
In his case the microorganisms were recovered from the blood 
stream iu pure culture twice during life, and from the vegetations 
and the spleen at autopsy. It is to be noted that the heart at post- 
mortem examination showed no evidence of preexisting disease. 

Case Report 

Clinical History: A. C., a doorman by occupation, 27 years of age, im- 
married, born in this country, entered Bellevue Hospital, May 25, 1930, for the 
third time in five years. He had been a regular attendant of the Adult Cardiac 
Clinic of Bellevue Hospital since 1925, when his symptoms of heart disease be- 
came manifest. 

At the age of 17 he had a mild attack of rheiunatic fever associated with 
pnemnonia and pleurisy. A severe attack of rheumatic fever lasting five months 
occurred at the age of 22. Between the first and second attacks he had had 
frequent joint pains. In 1925, following the second attack, he suffered his first 
heart failure and was admitted to the hospital with signs and symptoms of 
carditis and congestive heart failure. He recovered after a month and then at- 
tended the cardiac clinic. There he was given maintenance doses of digitalis 
which he continued to take thereafter. He was then able to do light work until 
July, 1929. At that time he had a recurrence of carditis and congestive heart 
failure. After seven weeks he was discharged from the hospital, improved. He 
continued to attend the cardiac clinic and to work as a doorman at a theater. 

* Received for publication Februaiy ii, 1932. 


347 



35 ° 


GRAEF, DE lA CHAPELLE AND VANCE 


The lungs were edematous and hyperemic. The visceral pleurae 
showed nmnerous petechial hemorrhages. There were no other 
changes. 

The heart was markedly enlarged and weighed 945 gm. All the 
chambers w^re dilated. On section the myocardium appeared to be 
infiltrated by a moderate number of diffusely scattered, small, white 
and yellovdsh white deposits of pin-head size. The myocardium of 
both ventricles was considerably hypertrophied. The tricuspid 
valve and its chordae tendineae appeared normal. The pulmonary 
valve was slightly thickened and showed beginning fusion of the 
cusps. Small, firm, verrucous vegetations w^ere visible between the 
anterior and posterior cusps. The mural endocardium in the left 
auricle above the mitral valve showed several small verrucous vege- 
tations with definite thickening of the entire endocardium. The 
mitral valve (Fig. i) was diffusely thickened, rigid, moderately 
stenosed, and measured 11.5 cm. at the base. Its chordae tendineae 
were somewhat thickened and shortened. A large, friable, reddish 
brovm vegetation measuring 2.5 cm. by 7 cm. by 3.5 cm. was found 
attached to the auricular surface of the aortic cusp of the mitral 
valve. The aortic valve showed thickening and rolling of the edges 
with fusion of the commissural edges. In addition there was a row 
of fine verrucous vegetations on the ventricular surface. Beneath 
the valve the endocardium was markedly sclerosed. Several small 
creeping vegetations were found on the chordae tendineae of the 
mitral valve. The aorta and coronary vessels appeared normal. 

The spleen appeared markedly enlarged, weighing 690 gm. It was 
soft and very friable on section. A small, firm infarct was found 
along the inferior border. 

The liver was considerably enlarged, weighing 2600 gm. Its cap- 
sule was smooth and intact. On section the markings of chronic 
passive congestion were visible. The gall-bladder appeared normal. 

The gastro-intestinal tract was normal except for the presence of 
numerous petechial hemorrhages on the serous surface of the in- 
testine. 

'Ilic kidneys were of normal size and their capsules stripped easily, 
Icaring a smooth surface which showed many small petechial hemor- 
rhages. A small, anemic infarct was found at the superior pole of 
the left kidney. On cut-scction numerous pin-point and line.'ir 
streaked hemorrhages v.'cre seen. 
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Laboratory Data: Urinalysis showed a specific gravity of 1020, albumin +, no 
sugar, no acetone, many white and epithelial cells, munerous red blood cells, 
and many hyaline and granular casts. 

The urine sediment coimt (Addis) for a 12 hour specimen gave the following 
results: pH 5.0, specific gravity 1020, albumin-1-, red blood cells 1,799,900, white 
and epithelial cells 4,240,500, and casts 3,198,000 (chiefly granular). * The blood 
Wassermann was negative. The non-protein nitrogen of the blood was 35 mg. 
per cent, sugar 90 mg. per cent. The hemoglobin was 70 per cent (Dare), the 
red blood cells numbered 3,828,000, the leucocyte differential coimt was poly- 
morphonuclear leucocytes 87, lymphocytes 10, and monocytes 3. 

Blood cultures, five days and two days ante mortem, 3delded a Gram-nega- 
tive coccus in pure culture. 

Electrocardiographic examination five days before death showed sinus 
tachycardia with arrhythmia and incomplete intraventricular block (partial 
bimie branch block). (Electrocardiograms taken a year previously showed 
only changes in the R-T segments and occasional tachycardia.) 

Course: On admission the temperature was 104° F, the pulse rate was no. 
Subsequently the temperatmre ranged between 102° and 105° for six days. The 
pulse range was between 100 and 130. His toxic state grew more profoimd. 
Petechiae appeared in showers in the skin of the shoulder, arms, chest and neck. 
He became stuporous and died on May 31, 1930, six days after admission, with 
terminal pulmonary edema. 

Clinical Diagnosis: Cardiac f (A) Etiological: Rheumatic fever, inactive, ac- 
tive? Gram-negative coccus. 

(B) Anatomical: Enlarged heart, adherent peri- 
cardium, mitral stenosis, mitral insuf- 
ficiency, aortic insufficiency, bacterial 
endocarditis. 


(C) Physiological: Sinus tachycardia. 

(D) Functional: Class HI. 


Autopsy Findings 

There was moderate edema of the lower extremities. Numerous 
petechial hemorrhages were seen in the conjunctival sacs, buccal 
mucous membranes and in the skin of the entire body. The peri- 
toneal cavity contained a slight increase in fluid, which was clear 
and straw-colored. Both pleural cavities contained a slight amount 
of serosanguineous fluid. The pericardial sac was entirely obliter- 
ated by old fibrous adhesions. Where it could be stripped the re- 
vealed surface contained numerous petechial hemorrhages. 

* Normal values for 12 hour specimens should not exceed: red blood cells, 500,000, 
white blood cells, 1,000,000, and casts up to 5000. 

t Cardiac diagnosis conforms to the nomenclature recommended by the American 
Heart Association. 
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Sections of the aorta (Fig. 6) were interesting because of the find- 
ing of flame-shaped scars extending from the adventitia into the 
media, interrupting the elastic lamella. These were considered 
characteristic of the healed stage of rheumatic aortitis as described 
by Pappenheimer and Von Glahn.^ Many of the nutrient arteries 
showed sclerotic and endarteritic changes. 

Sections of the other organs confirmed the gross diagnosis. 

Final Pathological Diagnoses: Acute bacterial endocarditis of the 
mitral valve and its chordae tendineae; chronic valvulitis of the 
mitral, aortic and pulmonary valves; acute verrucous endocarditis 
of the mitral, aortic and pulmonary valves, and of the left auricle; 
healed aortitis (rheumatic); hypertrophy and dilatation of the 
heart; multiple abscesses of the myocardium; fibrosis of the myo- 
cardium; aortic insufficiency, mitral insufficiency; adhesive pericar- 
ditis; chronic passive hyperemia of the lungs; pulp hyperplasia of the 
spleen, infarct of the spleen; acute focal embolic nephritis, anemic 
infarct of the left kidney; chronic passive hyperemia of liver; pe- 
techial hemorrhages of the skin and serous membranes; edema of 
the feet. 

Bacteriological Findings 

Blood culture done five days before death yielded a pure growth 
of a Gram-negative coccus in broth and on blood agar plates. An 
identical strain was recovered from the heart’s blood at autopsy, 
and from the fresh vegetation taken from the mitral valve. As 
noted above in tlie microscopic findings, the sections of the vege- 
tation showed the colonies in it to be Gram-negative. On blood agar 
plates the colonies were smaller than meningococcus colonies. They 
were firm, tenaciously adlierent to the medium; in broth and salt 
solution they sedimented spontaneously. After 48 hours the surface 
of the colonies became corrugated. 

The colonies attained the size of 2.5 to 3 mm. They were slightly 
irregular in outline but had smooth borders. They were somewhat 
raised, glistening, opaque and coIorle.ss. After prolonged growth 
they could be removed as dried masses. 

The organisms grew on the surface of all media, exhibiting con- 
stant characteristics. No pigment was formed at 37.5° C, at room 
temperature, on potato, Loeffier’s scrum or plain agar media. Cul- 
ture in daylight and darkness was not accompanied by pigment 
production. Gelatin was not liquefied. 
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Examination of the other organs showed no notable pathological 
changes. 

Bacterial cultures were made of blood of the inferior vena cava and 
fragments of the vegetation on the mitral valve. 

Microscopic Findings 

Heart and Great Vessels: Study of the mitral valves (Figs. 2, 3 
and 4) revealed a densely sclerosed valve with moderate cellular in- 
filtration. These cells were chiefly lymphocytes. In places there 
was evidence of a fresh inflammatory process with areas of edema 
and surrounding collections of polymorphonuclear leucocytes, 
histiocytes and a few lymphocytes. In some sections verrucae were 
seen which were indistinguishable from those seen in rheumatic 
verrucous endocarditis. On the auricular endocardium, some dis- 
tance from the vegetation, were found small verrucae composed of 
fibrin on a proliferated base containing many histiocytes. 

Sections of the mitral valve, which included the vegetation, 
showed the base to be fairly well organized by the deposition of 
many fibroblasts, which could be seen growing into the thrombotic 
vegetation. The vegetation itself was composed of deeply staining 
masses of fibrin, leucocytes and large clumps and colonies of bac- 
teria, which were found to be Gram-negative when stained by the 
MacCallum-Goodpasture method. (A control section was stained by 
the same method.) 

Sections of the aortic and pulmonary valves confirmed the gross 
diagnosis of chronic valvulitis and acute verrucous endocarditis. 

Sections of the myocardimn revealed extensive changes through- 
out. Dense, acellular, fibrous connective tissue was found around 
the blood vessels. Interstitial connective tissue was increased 
throughout. In areas, irregular connective tissue scars were seen 
interrupting muscle bundles and replacing them. The intact muscle 
was composed of hypertrophied fibers and hypertrophied nuclei. 
Nmnerous large and small miliary abscesses were found in the myo- 
cardium of both ventricles and the left auricle (Fig. 5). No Aschoff 
bodies were seen. Bacterial stains of sections through the abscesses 
were unsatisfactory because of the large amount of pyknotic nuclear 
material. Occasional areas of necrosis were found, which showed 
invasion by lymphocytes and proliferation of fibroblasts. Several 
small branches of the coronary arteries showed purulent thrombi. 
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SiBIMAEY 

A case of bacterial endocarditis (malignant) caused by the Micro- 
coccus pharyngis siccus is presented in a human subject with pre- 
existing valvular disease of rheumatic origin. 
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DESCRIPTION OF PLATE 
Plate 62 

Fig. I. Close-up photograph of the mitral valve. Note the vcrrucac along the 
margin of the anterior leaflet; also note the mural lesion in the auridc 
above the large vegetation. 

Fig. 2. L-ow power photomicrograph of a section through the mitral valve and 
vegetation, x 10. 

Fig. 3. Low power photomicrograph of a section through the anterior cu-sp of 
mitral valve showing verruca composed of fibrin deposited on base consist- 
ing of proliferated histiocytes, Ijonphocj'tcs and fibroblasts in a hynlinizcd 
and sclerosed valve cusp, x 75. 

Fig. 4. PhotoraiCTograph to show clumps and colonies of coed in the vegeta- 
tion on the mitral valve, x 600. 

Fig. 5. I.OV.' power photomicrograph of a .section of the left vcnlride showing 
abscess formation in the myocardium, x 75- 

Fic. 6. Low' fxiwcr photomicrograph of a section of the aorta sho'wing scars in 
the outer layers of the media, with interruption of the clastica, and slight 
round cell infiltration. Van Gieson-Weigert clastica-iron hematoxylin. 
X 7S' 
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In peptone water indol was formed. The organisms grew slowly 
in 2 per cent dextrose agar under anerobic conditions and formed 
no gas. 

The following table indicates the behavior with sugars, inulin and 
milk: 

Filtered maltose Acid Gas 

Maltose “ “ 

Dextrose “ “ 

Levulose “ “ 

Saccharose “ “ 

Lactose — — 

Dextrine — — 

Mannite — — 

Inulin — — 

Milk - - 

One rabbit was moculated intravenously with 1.5 cc. of a 24 hour 
broth culture, one guinea pig was injected intraperitoneally with 
I cc., another guinea pig was given 2 cc. intraperitoneally with no 
ill effects, and one mouse was injected intraperitoneally with 0.5 cc. 
The animals were killed after two weeks and gross and microscopic 
examination of their tissues showed no pathological changes. 

Comment 

The portal of entry for the infecting organism in this case is ob- 
scure. We are forced to assume that a bacteremia occurred some 
time prior to the onset of symptoms and that the organisms became 
implanted on the deformed mitral valve. While it is generally held 
that pathogenic organisms frequently become implanted on diseased 
heart valves, it is unusual for non-pathogenic bacteria to do so, or 
even to become the etiological factors for vegetative endocarditis. 
However, instances have been recorded of such endocardial lesions 
associated with other non-pathogenic bacteria. 

As noted above, Schultz’s case was an infection apparently sui 
generis. Of interest in connection with this type of case is a report 
by Coulter ^ in 1915 of bacterial vegetative endocarditis due to an 
■unknown Gram-negative micrococcus, and the case recently reported 
by Dickar ® due to the Bacilhis acidi lactici. In both cases reported 
no preexisting disease of the heart was foimd. One can only specu- 
late on the factors which seem to render these organisms pathogenic 
for man in special circmnstances. 
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the repair of small lesions in the liver these cells migrate toward the 
site of injury and contribute to the formation of a delimiting capsule 
surrounding the injured zone."* Comparable reactions have been 
displayed by these cells of the liver in the presence of autogenous 
transplants such as kidney and muscle.® 

Although the Hterature on the cytological effects of radium emana- 
tions is enormous, we are not aware of recorded studies on the re- 
action of the histocytes in the liver to such radiant energy. Accord- 
ingly this study was undertaken to determine the extent of injury 
within the immediate field of irradiation, as well as the degree of re- 
covery and the restorative powers of local histocytes more remote 
from the source of this energy. Only healthy white rats of our 
colony, ranging in age from 4 to 6 months and in weight from 125 to 
175 gm. were used. 


Experimental Method 

The gold seeds used to introduce the radon into the liver were 
about 3 mm. long and 0.6 mm. in diameter (outside). The wall of 
these tiny cylinders, about 0.2 mm. thick, absorbs all but about 
0.36 per cent of the beta rays, but permits the passage of 82 per cent 
of the gamma irradiation.® Using aseptic technique, the liver was 
delivered through a median-line incision and by means of a suitable 
spinal puncture needle the radon seed was introduced into the he- 
patic parenchyma to a level about 0.5 cm. below the capsule. Bleed- 
ing was slight and easily controlled. Each radon seed contained 
approximately 1.16 millicurie. ' 

In a series of animals used as controls operation was performed in 
the same manner, and valueless or inactive gold seeds, but otherwise 
identical in every respect, were introduced into the corresponding 
lobe of the liver. The control and the irradiated animals were killed 
at intcrv^als ranging from six hours to three months. Sections of the 
liver containing the gold seeds were excised, fixed, and stained with 
hematoxylin and cosin, Van Gieson’s stain and Mallory’s stain for 
connective tissue. 

In order to follow the reaction of these cells to the inactive seeds 
as well as those containing radon, it was desirable to mark them m 
such a way as to facilitate identity. The extensive phagocytic ac- 
tKdty of these cells and the retention, for long periods of time, of 
engulfed materials provided adequate means for their subsequent 



EFFECT OF RADIUM EMANATION ON THE HISTOCYTE IN THE 
LIVER OF THE WHITE RAT* 


George M. Higgins, Ph.D., and J. C. Thomas Rogers, M.D. 

{From the Division of Experimental Surgery and Pathology, The Mayo Foundation, 

Rochester, Minn.) 

The histocytes of the liver lie along the hepatic trabeculae and in 
the portal spaces. They may be closely attached to the reticular 
network of the lobule or they may project well into the lumen of the 
sinusoid. Frequently, in either normal or pathological conditions of 
the liver they may become detached and migrate through the he- 
patic parench)mia to the portal spaces, or they may enter the blood 
stream and pass to other organs of the body. In a normal liver these 
histocytes are distributed rather irregularly along a sinusoid, but 
are slightly more abtmdant in the median and peripheral portions of 
the lobule. They are ordinarily elongated or spindle-shaped, but 
when stimulated to activity they assume various forms so that the 
stellate outline originally employed to describe them is often seen. 

Many functions are attributed to these littoral cells. Chief among 
these, perhaps, is that of defense, for their phagocytic capacity for 
either organic or inorganic materials is truly enormous. The con- 
tribution of these histocytes to pigment metabolism, either by the 
intracellular digestion of erythrocytes or by engulfing dissolved 
hemoglobin, is well known. Data concerning the relation of these 
cells to normal and pathological lipin and carbohydrate metabolism 
are gradually becoming available. 

We shall not attempt to review the extensive literature covering 
the various pathological conditions in which these littoral cells re- 
act, for it is sufficient for our purpose to mention only those related 
in a measure to this study. Mallory,^ long ago, described the marked 
proliferation and the extensive phagocytosis of blood cells in typhoid 
fever. Similar conditions maintain in malaria, kala-azar, t)q)hus 
fever, subacute bacterial endocarditis and chronic streptococcal in- 
fections.^ In inflammatory processes these cells desquamate, trans- 
form into polyblasts and fibroblasts, and in chronic silica poisoning 
the formation of connective tissue has been ascribed to them.® In 

* Received for publication January 25, 1932. 
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portal spaces, for there was evidence to indicate first an accumula- 
tion of histocytes in adjacent portal spaces and thence a migration 
to the lesion. Graphite-laden cells within this wall varied in size and 
shape. Many of them were spherical or ovoid, whereas many others 
were attenuated and already exhibited the tendency to their subse- 
quent development. 

The effectiveness of the irradiation by the radon seed was clearly 
seen at the end of the third day, and the induced lesion was in 
marked contrast to the reaction in the liver of the control animals. 
The zone of injury was triple the depth of that observed at the end 
of the first day, and there was no differentiation into an inner and 
outer zone such as characterized the lesion which developed around 
the control seed. The injured area, equal in radius to the diameter 
of the seed, consisted of much fibrin, necrotic material, free graphite 
and many necrotic histocytes. The region of intense injury con- 
tinued rather imperceptibly into the peripheral normal parenchyma 
where vacuolization of the cells and a pale staining reaction indi- 
cated injury to hepatic cells. Histocytes immediately peripheral to 
the region of maximal injury in many instances had been broken 
down and had given up their pigment granules as a result of the ir- 
radiation. In regions more remote from the active seed, beyond the 
immediate influence of the irradiation, graphite-laden histocytes 
showed signs of some activity, although much less tlian that en- 
countered at the same interval in the control animals. In the irradi- 
ated livers histocytes did not accumulate in the portal spaces or 
migrate along paths to the source of the irradiation. 

Recovery from the injury induced in the control animals, initiated 
by tlie third day, was essentially complete by the third or fourth 
vreek. Necrotic tissue incident to the insertion of the seed had been 
removed and scar tissue remained to indicate the site of the foreign 
body implant. The lobules in the parench^nna adjacent to the lesion 
were practically free of graphite-laden histocytes, and new mono- 
nuclear cells, probably of local as well as of c,xtrancous origin, had 
taken their places along the sinusoids. Portal spaces, however, con- 
tained extensive accumulations of graphite-containing giant cells, 
fibroblasts and histocytes, and the scar tissue at the site of the seed 
implant contained much carbon pigment. 

The dcstnictivc effect of the radon seed on the liver continued for 
at least five or sbe weeks, varying somewhat in the animals examined. 
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identification. Two intravenous injections of 0.5.CC. of a graphite 
preparation on successive days, originally described by Drinker and 
Churchill, was sufficient to distend these cells and make their sub- 
sequent identification in histological sections satisfactory (Fig. i). 

Observations 

Trauma was, of course, incidental to the introduction of these 
seeds into the parenchyma of the liver, and slight hemorrhage, to- 
gether with the formation of an area of necrosed hepatic paren- 
chyma, was unavoidable in all animals. Accordingly the reactions 
sustained after twenty-four hours in both the control and the irradi- 
ated portions of the liver were essentially identical. A zone of com- 
pressed, necrosed hepatic cells, blood cells and fibrin surrounded the 
site of the seed, and scattered graphite from destroyed histocytes 
was distributed throughout. Any destructive effect of radon on the 
histocytes of the parenchyma, adjacent to the site of the seed, was 
certainly not apparent at the end of the first day, for in both the 
control and the irradiated parenchyma these cells were enlarged 
several tunes and projected well into the sinusoids. This apparent 
stimulation is probably due to the presence of foreign bodies in the 
form of gold seeds and to the engulfed graphite and the acacia in 
which the pigment was suspended. 

After seventy-two hours, however, striking contrasts in the char- 
acter and in the extent of the reactions of the parenchyma of the 
control and of the irradiated livers were observed. The injury in- 
duced within the liver containing the inactive seed showed marked 
recovery, and the degree of restoration at this time was comparable 
to that observed by Higgins and Murphy at seventy-two hours after 
the induction of small inflammatory reactions in the liver of rats. 
The lesion produced by the inactive gold seed was clearly divisible 
into two zones (Fig. 2). The inner of these consisted of the ne- 
crosed material incident to the insertion of the seed and was com- 
posed of fibrin, necrotic nuclei, polymorphonuclear leukocytes and 
fibroblasts. The outer zone, which effectively delimited the inner 
zone from normal peripheral parenchyma, was composed largely of 
graphite-laden mononuclear cells. These cells appeared to us to 
have migrated from their littoral position along the sinusoids to the 
lesion, and there contributed toward the formation of this cellular 
wall. Migration to the lesion took place along well defined paths in 
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not attempted to follow the reticulum of the hepatic lobule in this 
study, but it would be interesting to know whether these reticular 
fibers supporting hepatic parenchyma lose their identity when sub- 
jected to radium irradiation, as they do when exposed to the Roent- 
gen-ray.'^ Reticulum is probably a product of these local histocytes. 
It is common practice to designate Kupffer’s cells as reticular cells, 
and the belief is current that reticulum bears some genetic relation 
to them. However, the exact origin of this fibrous network from 
reticular or littoral cells in the liver has never been established, 
hlallory and Parker ® derived reticuliun of the liver lobule from 
fibroblasts of the stroma and not from these littoral lining cells. And 
yet there has been some evidence which would seem to indicate that 
these local histocytes may transform into fibroblasts. In cultures of 
adult mammalian connective tissue Maximow ® showed clearly that 
this silver-stained fibrillar network arises as the result of a precipi- 
tation or a transformation of some colloidal substance under the 
influence of unknown factors which originate within the cell. Un- 
doubtedly reticulum in the hepatic lobule is precipitated from reticu- 
lar cells in much the same way. 

The reaction of the local histocytes to a foreign body, for fn 
reality the control inactive gold seeds used in this experiment con- 
stituted a foreign body, was strikingly identical to that encountered 
in response to trauma induced in the liver by a small instrument. 
Those cells actually traumatized by the insertion of the seed were 
destroyed, and "within twenty-four hours polymorphonuclear leuko- 
cytes appeared in abundance to remove the necrotic cells and the 
liberated graphite. During the time of this preliminary neutrophilic 
reaction local histocytes manifested activity, in that they retracted 
their processes, buckled into tlie sinusoids, and often were freed 
from their reticular attachments. The character of the stimuli in- 
ducing these reactions within regions considerably remote from the 
zone of injury is unknown. It is probably chemical. Many of thc.sc 
graphite-laden histocytes passed either directly to adjacent jrorfal 
spaces or often directly to the lesion, and well defined paths lending 
to the necrotic zone were often clearly delineated by the heavily 
laden, graphite-containing mononuclear cells. Seventy-two hours 
after operation a rather well defined wall composed largely of these 
graphite cells had formed around the necrotic zone separating it 
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In general the maximal injury was induced some time between the 
fourth and the sixth week. The radius of the necrotic zone in these 
livers reached approximately twice the diameter of the gold seed by 
the fourteenth day and at least triple that extent by the thirty-fifth 
day (Fig. 3). At this time the transition from the necrotic zone to 
normal parenchyma was more abrupt than hitherto seen, and one 
may rightly conclude that the maximal effective destruction had 
been reached. 

During these weeks there was but slight activity among the histo- 
cytes, either those closely adjacent to or even more remote from the 
lesion. There were no indications toward restoration such as oc- 
curred in the normal animals. In some of the rats studied at the 
fourteenth and the twenty-first day a slight migration of graphite- 
laden cells into adjacent portal spaces had occurred, but these were 
so infrequent as to merit slight recognition in the total processes of 
recovery. 

The concluding observations, which were made at ten and twelve 
weeks after the introduction of the radon seeds into the liver, showed 
rather clearly that active histocytes were engaged in the process 
of recovery (Fig. 4). The hepatic parenchyma was free of graphite 
cells except in the portal spaces, and new littoral histocytes were 
distributed along the sinusoids in characteristic positions. The 
necrotic zone, although not completely absorbed, was reduced in 
extent and was completely isolated from the adjacent paren- 
chyma by a wide waU or capsule formed of connective tissue fibers 
and mononuclear cells heavily studded with graphite. With con- 
nective tissue stains the fibers were clearly delineated and the dis- 
tribution of graphite granules among them served to suggest that a 
transformation of the histocyte into connective tissue had taken 
place. 

Discussion 

In this study of the reaction of the local histocytes in the liver 
to the radon, as contained in gold seeds, we have not attempted 
to follow the detailed cytological changes that were induced. We 
wished to know: (i) whether the littoral histocytes in the liver were 
any more resistant to radon than the parenchyma cell; (2) when the 
maximal injury had occurred, and (3) the recovery and the contri- 
bution of these cells to the restoration of the injured part. We have 
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inactive control seed. In fact, there was no initiation of restorative 
activity by peripheral histocyles until after the fifth week, when the 
maximal injury induced by the irradiation had been effected. The 
necrotic zone increased progressively in extent of its radius until at 
thirty-five days it was triple the diameter of the seed. At this time 
the fragmented histoc3rtes were restricted largely to the peripheral 
portion of the lesion, whereas the medial and central portions con- 
sisted practically of fibrin and scattered carbon granules, together 
with a few mononuclear cells of unknown origin. Polymorpho- 
nuclear leukocytes were not present. 

Recovery and organization of the lesion, as far as the participa- 
tion of the histocytes was concerned, commenced some time between 
the fifth and the sixth week. Up to this time histocytes peripheral 
to the influence of irradiation had remained essentially inactive. 
Some retraction had occurred, but the desquamation, so to speak, or 
the migration so characteristic of these cells surrounding the control 
inactive seed during the first few days had not taken place. The 
duration of the destructive influences of the irradiation, if one is to 
judge by the cellular reaction in these livers, was approximately five 
to six weeks and is therein comparable to clinical data on the effec- 
tiveness of radon. Whether the pathological changes encountered 
were wholly due to the radon or to subsequent products of decay 
within these gold seeds is, of course, imknown. 

Although the maximal injury was attained at five to six weeks, 
recovery and organization of the lesion were greatly retarded. There 
appeared to be prolonged effects, so that cells which normally would 
have acted quickly to stimuli responded but feebly. Observations 
made at seven, eight and nine weeks after the onset of irradiation 
showed only a slightly active histocytic system in the parenchyma 
surrounding the lesion. Gradually, however, a reaction ensued 
W'hcrein these littoral cells, still containing the engulfed graphite, 
proceeded toward the lesion and formed a heavy wall around the 
now presumably inactive gold seed. In the last of the scries of ir- 
radiated animals killed at twelve weelcs after the insertion of the 
radon seed (Fig. 4), a reaction was noted, comparable in many re- 
spects to that seen in the livers of control animals after three days 
to one week. Here %verc large numbers of mononuclear cells laden 
with graphite, which togetlier with connective iLssue fibers formed a 
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from the peripheral normal parench3Tna (Fig. 2). This reaction is 
identical to that seen by Higgins and Muiphy in livers of rats 
seventy-two hours after the induction of slight trauma, and it con- 
firms the observations of Biebl, who studied the reactions of the 
Kupffer cell to foreign bodies in the form of autogenous transplants 
such as kidney and muscle. Animals of the control series, which 
were killed at one week after placing the inactive seed into the fiver, 
presented conditions in which the mononuclear wall was more com- 
pact. The peripheral parenchyma was relatively free of graphite 
cells and a more definitely compact wall separated the necrotic zone 
from the normal tissue. With acid fuchsin stains the connective 
tissue in the wall was delineated and graphite granules were abund- 
antly distributed among its fibers. Many of the graphite-laden cells 
had retained a spherical or slightly ovoid contour, whereas many 
others were attenuated and resembled typical connective tissue cells. 
Here, then, were additional data which confirmed earlier opinions 
that hemophages of the fiver may transform into or give rise to con- 
nective tissue cells. Following ligation of the major blood vessels to 
the kidney of the rat, Jordan, Kindred and Paine followed the 
activity of both fibroblasts and macrophages in the infarcted kidney. 
These cells had their own particular functions and there was no 
evidence that macrophages become transformed into fibroblasts, 
which, on the basis of our knowledge of active macrophages and 
fibroblasts, one should probably anticipate. It may be, however, 
that in later stages, as in advanced inflammation, such a transforma- 
tion of macrophages into fibroblasts might take place. Cultures of 
organs have shown that large ameboid macrophages proliferate 
mitotically and finally transform into fibroblasts with an elaboration 
of the silver-stained, collagenous fibers. Reticular cells of the fiver 
or of the spleen, however, may hardly be regarded as typical macro- 
phages, although they are functionally phagocytic and may become 
macrophages when stimulated to activity by any foreign material. 

When portions of the fiver were irradiated by radon, histocytes 
were as susceptible to injury as any parenchyma or cell of the biliary 
duct. Within the necrotic zone seventy-two hours after operation, 
disintegrated or fragmented histocytes and scattered graphite 
mingled with the necrosed parenchyma and fibrin. There was no 
attempt at recovery, or organization, such as was seen around the 
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Summary 

1. A study has been made of the reaction of the histocytes in the 
liver to radon, as contained in gold radon seeds. Similar but inactive 
gold seeds were used in a series of control animals to determine the 
local reaction to such foreign bodies. 

2 . All local histocytes within the vicinity of the inactive gold seed 
responded immediately to the foreign body by retracting their 
processes, desquamating either into the sinusoids or migrating into 
adjacent parench3mia. Their function as littoral histocytes had 
apparently ceased and they were now concerned in an attack on the 
foreign body. Seventy-two hours after insertion of the inactive seed 
into the parenchyma an effective barrier had been formed aroimd it 
by these actively migrating histocytes. Subsequently these cells 
contributed toward the formation of connective tissue. 

3. All histocytes in the vicinity of the active radon seed were as 
susceptible to the emanation as the cells of the parenchyma. The 
extent of the destruction by the radon increased until the maximal 
injury was reached about the thirty-fifth day. Histocytes within 
the 2one of injury were destroyed, and those immediately beyond 
did not manifest signs of restorative activity during this period. 
After the fifth week, however, a retarded restorative activity was 
manifested by the histocytes just peripheral to tlie zone of maximal 
injury. By the tenth or twelfth week these ceils considerably remote 
from the radon seed, and which either had not been affected or only 
slightly affected by the radon, migrated rapidly toward the seed and 
contributed toward the formation of a wall comparable to that seen 
three days after the implantation of the control seed. 
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compact wall separating the now inactive seed from the adjacent 
portions of parenchyma. 

Accordingly, at twelve weeks after inserting radon into the hepatic 
lobes of rats cytological reactions were derived, rather closely re- 
sembling those seen at the end of one week in animals which had re- 
ceived the control seed. The maximal injury to the liver by the 
radon was apparently reached by the fifth or sixth week, and yet 
outlying histocytes made little if any contribution to recovery until 
the ninth or tenth week. Factors in this delay are not at once ap- 
parent, but we feel that they may be correlated with toxic influences 
set up by the destructive effects of the radon. Subsequently all his- 
tocytes not within the range of the effect of radon pursued a normal 
trend, in that they desquamated and migrated toward the foreign 
body and contributed toward the formation of the delimiting wall. 

The evidence from this study sustains the opinion that reticular 
cells of the liver may transform into connective tissue cells. Nor- 
mally such changes probably do not occur, and we should not sup- 
pose that Kupffer cells, while functioning in their normal capacity 
along the sinusoid, would produce connective tissue. Their function 
as Kupffer cells in regions more remote from the site of the radon 
was probably unimpaired during the interval the irradiation was 
effective, and there were no indications that fibroblasts had been 
produced along the sinusoids. After, however, the macrophagic 
fimction of these cells has passed and their function as a Kupffer cell 
in its relation to the physiological function of the liver has ceased, 
then these cells appear to acquire connective tissue potency and 
may transform into the highly specialized or differentiated fibro- 
blast. Goldzieher and Hornick,^^ in a consideration of the source 
and the fate of the hyperplastic reticular cells in reticulosis, con- 
cluded that especially in the spleen, but also in the liver, definite 
fibrosis occurred. There was no proliferation of fibroblasts and 
the conclusion was reached that, under such conditions at least, 
Kupffer cells may transform into fibroblasts. These conclusions 
sustain our observations that when reticular cells of the liver no 
longer function as normal littoral cells, then transformations into 
the more highly differentiated fibroblast may take place. 
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Plate 63 

Fig. I, Liver of rat, following injection of graphite; littoral histocytes prior to 
insertion of radon seed are shown. 

Fig. 2. Lesions in liver of rat seventy-two hours after insertion of inactive gold 
seed into hepatic parenchyma. Graphite-laden cells have migrated toward 
the lesion. 
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Plate 64 

Fig. 3. Lesion in liver of rat fourteen days after insertion of active radon seed 
into hepatic parcndiyma. 

Fig. 4. Lesion in liver of rat twelve weeks after insertion of active radon seed 
into hepatic parenchyma. 
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field's perineurial fibroblastoma) and tliey cannot arise from 
Schwann cells, the neurectodermal nature of which is no longer 
open to discussion. 

The following observ'ations favor the second opinion. In certain 
examples of generalized neurofibromatosis, studying ner\''es of ap- 
parently normal dimensions, several authors (Verocay, Pick and 
Bielschowsky) ha\’e seen microscopic tumors composed of Schwann 
cells in proliferation. In the beginning this schwannian prolifera- 
tion is accompanied by budding of collateral neurites. This budding 
of collaterals soon ceases but the multiplication of Schwann cells 
continues, accompanied by connective tissue proliferation. The 
specific cells of these tumors are connected in a syncytium like 
Schwann cells; they possess elongated nuclei of the same structure 
as schwannian nuclei, and they are grouped in networks, in bundles 
and in palisades. These latter structures are pathognomonic; Uiey 
have only superficial resemblance to the groupings found in certain 
myomas a.nd fibroblastomas. Between the cells there are fibers of 
peculiar nature and staining, coloring orange or pale pink with 
Van Gicson’s stain. 

Up to this point there is almost complete unanimity. The difTcr- 
ences of opinion begin when assessing the importance of connective 
ti.«sue participation in the formation of these tumors. WTiilc some 
hold it to be minimal, others believe it to be dominant or rather 
progressively dominant, increasing in proportion as the neurinoma 
grows larger. Following Vcrocay, Pick and Biclschow.sky state that 
the growth of the endoneurial and perineurial connective tissue 
tends to disperse and stifle the Schwann cells and that they become 
as difncult to distinguish as the cancer cells of certain scirrhous 
tumors of the breast or of the stomach (!). According to Pick and 
Biebchowsky, the place of these tumors in the classification can be 
rlclermined with certainty only by studying the initial changes. 

I'hr* hc.art of the argument advanced by the fir.sl grouj) is the 
presence in these turnons of collagen fibers of endoneurial type. 
I'hi. y .'’.'■vumc the connective tissue nature of the cells which, liaving 
fjOKiuterl the filMms, continue to live .among them. For the second 
group thc-e fiJx-rs create a ritfiicully. 'J’hey extricate themselves by 
tin; fsben’. to tiie conticclive tissue slforna of the 


extent 


•a ftrurna of endorjeurlit origin, which to a greattfr or !c:-s 
may ri.plate the neurectodermal cells and maalt them if not 
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Introduction 

The following pages are addressed to that minority of patholo- 
gists who still refuse to admit that the fundamental constituent of 
the encapsulated tumors of the peripheral nerves is the schwannian 
s)mc3rtium, a neurectodermal structure, and not the mesodermal 
fibroblast. The great majority of pathologists who foUow Bard, 
Durante, Francini, Verocay, Antoni and many others in accepting 
these tumors as schwannomas will not object to my reopening the 
discussion by offering new evidence to confirm their views. Let us 
first summarize the arguments advanced by the partisans of the 
connective tissue h3^othesis and by those of the schwannian hy- 
pothesis as to the origin of these tmnors. 

The reasoning of the first group appears to be quite logical. The 
tmnor cells are branched, anastomosing by their processes hke con- 
nective tissue cells. They give rise to many fibrils which react like 
collagen or like reticulin and which are arranged like the fibers of 
the endoneurial framework. Furthermore one may distinguish 
delicate fibrils staining blue with Mallory’s phosphotungstic acid 
hematoxylin, identical with the “fibroglia fibrils” of fibroblasts. 
These advocates assume that only fibroblasts, mesodermal cells, 
are capable of producing collagen and fibroglia fibrils. These tumors 
of the peripheral nerves should therefore be fibroblastomas (Pen- 

* The subventions generously granted by the University de Montryal and by the 
Association Canadienne-frangaise pour I’Avancement des Sciences (A. C. F. A. S.) 
have made possible the publication of this work. 
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Part I 

EXPERl^IENTAL SCmVANNOMAS 


The Schwannian Syncytium:. The Schm'ann Cell 


Nowadays I believe everj'one accepts tlie medullary origin of tlie 
Schwann cells, tlieir departure from tlie neural crest and their mi- 
gration along the primitive bundles of axones. In the adult medul- 
latcd ncri’e fiber each internodal segment is enclosed in a delicate 
protoplasmic envelope, bounded externally’- by a cuticle — the mem- 
brane of Schwann. The protoplasmic envelope is applied closely to 
the myelin sheath and presents slight annular thickenings corre- 
sponding to the Schmidt-Lantermann incisures. In tlie middle of 
each internodal segment there is a slight Uiickening of the proto- 
plasmic envelope. This thickening contains an oval nucleus with 
fine chromatin netw’ork. From this median thickening and at cither 
end of the nucleus, one or two narrow, linear thickenings or ribs run 
in a longitudinal direction and they soon bifurcate. Near the nodes 
these ribs arc connected by similar oblique and transverse thicken- 
ings, constituting Nageotte’s marginal plexus. 

The marginal plc.xus ends in a sort of protoplasmic collar around 
the node. Tlie protoplasmic ribs of adjoining segments end in this 
collar. The collar represents a line of continuity between two nucle- 
ated segments of the schwannian syncy’lium and not a line of sepa- 
ration between two independent Schwann cells. Nageotte has shown 
that the rings revealed by Ranvder’s application of silver nitrate to 
the frc.=h neiv'c have the .same value as the black lines that outline 


the peritoneal endolhelia, when treated similarly with silver nitrate, 
'i'hcy mark a superficial Ixiundar)' between two nucleated territories 
but they do not interrupt their deep continuity. 

The medullated tixone, then, is enclosed in a conlinuou.s and 
multinucleated sjmcy'lium {irovidcd with linear thickenings which 
.'inastomosc in plexuses. The portion of the .syncytium corresjKuid- 
ing to .an internodal segment jws.scsse.s a single nucleus. It is this 
en-emhie, the segment of the .symcyliimt witli its nucleu.s, that goes 


by the name of Sdiwann cell. The Schwann cell is a physiological 


unit 


anatomically it i'S continuous with adjoining segments in 
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stifle them altogether, so that in the end a neurofibroma may be- 
come a more or less pure fibroma. 

It must be conceded that the schwannian nature of the tumor cells 
has not been demonstrated clearly. The nuclei have been described 
accurately by many pathologists, but the features noted are not 
sufficiently characteristic to be regarded as specific and belonging 
only to scliwannian nuclei. The features of the cytoplasm are 
wholly lacking in precision and one cannot see clearly how they 
differ from those of fibroblastic cytoplasm. From this point of view 
the opposition of certain pathologists to the neurectodermal hy- 
pothesis of encapsulated neurofibromas is justified. 

Various circumstances have led me to support tlie schwannian 
conception of neurinoma. The friendship vnth which Professor 
Jean Nageotte has long honored me has permitted an intimate 
acquaintance with his work on the peripheral nerves and particu- 
larly on the schwannian syncytium, to which, following Held, he 
justly gives the name of peripheral neuroglia. Not only have I been 
able to verify all that Nageotte has written of the schwannian 
syncytium, but also I have been able to make new observations on 
experimental specimens that he prepared for me vnth the collabora- 
tion of Mile. Guyon, and which I have treated by my own methods. 
Finally, certain exceptionally favorable specimens of human neuri- 
nomas and then all of the neurinomas in my collection, studied with 
these methods, have convinced me that these tumors are consti- 
tuted almost exclusively of Schwann cells and that the connective- 
vascular tissue enters into their constitution to the same extent as 
it enters into the constitution of central gliomas, no more and no 
less. 

In the present paper I shall describe the normal syncytiiun of 
Schwann according to Nageotte. I shall then consider its character- 
istics, when stimulated to autonomous proliferation and to the pro- 
duction of experimental schwannomas. In Part II I shall apply 
these observations to the study of human neurinoma. 
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Artificially Stbutlated Proliferation of the 
SCHWANNL\N SYNCYTIUM 

Section of a medullatcd nerve is followed immediately by wal- 
lerian degeneration of its fibers. In the proximal stump the degener- 
ation is limited to the tip; it extends through the entire length of 
the distal stump. WTierever it exists, the degeneration is accom- 
panied (fourth day) by mitotic proliferation of the schwannian 
nuclei (Biingner). As a result of this proliferation, schwannian 
sprouts invade the wound both from the proximal and from the 
distal stump, and they approach each other and finally unite 
(Nageottc). The neurites of regeneration coming down from the 
upper stump travel in the corresponding schwannian sprouts; to- 
gether they constitute Nageotte’s neuroglioma. The purely schwan- 
nian sprouts coming up from the lower stump construct a schwan- 
noma (Nageotte’s peripheral glioma) which, after its union wtli the 
central neuroglioma, is in its turn invaded by the descending neu- 
rilcs. Guided by tlic schwannian bands, the neurites soon gain the 
blighted fibers of the distal stump and repopulate them. On the 
arrival of the neurites in the schwannian syncjTium its proliferation 
ceases immediately. 


Experimental Sciiwannojias 
Nageotte’s Exteriments 

If, as Nageottc has done, we prevent innervMtion of the distal 
slum]) by tearing out the proximal end of the nerve together with 
its roots, the peripheral schwannoma grows for a long time and its 
fibers hypertrophy. Reduced to their syncytium, the fibers of the 
distal stump hypertrophy also. We .shall see that these hy[)ertro- 
phies a)rrc5ponci not only to a volumetric increase of the sync)’- 
tium (Nageottc), but also to an amitotic proliferation of its nuclei. 

Proliferation of the schwannian .syncj'tia is .still more pronounced 
if, after cutting the sciatic nerve of a rabbit and tearing out the 
X>roxim:d end, together with its roots and ganglia, an incision is 
mad.e through the distal slumj) about i cm. below the first incision; 
tlse piece of nerve is left in ])lace. In this v.-ay an isolated ])iecc 
of nerve is detirived. of its circulation temrK)rari!y (.Nagcotle). d'ho 
fra.CTr.J'nl of ir.e neree shorten'?. From each en<l of its contracted 
{>; rineurial casing there jfrotrudes a lurmisjdierical hernia con?'i';ting 
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Endoneurium and Membrane of Schwann 

The endoneurium is generally accepted as a connective tissue, an 
assemblage of collagen and reticulin fibrils together with branching 
cells, all of mesodermal origin. I shall accept this postulate pro- 
visionally, although it is open to discussion. Two kinds of fibers go 
to make up the fibrillar endoneurium. 

1. A system that I shall call interstitial, occupjdng the angular 
space where three medullated fibers meet. This interstitial system 
is composed of fibers running parallel with the nerve, branching, 
perhaps anastomosing with one another. Van Gieson’s solution 
stains them faintly; aniline blue of the trichrome stain shows them 
clearly; silver methods impregnate them intensely. These inter- 
stitial argyrophil fibers correspond to the networks of Key and 
Retzius, and of Cajal. In their interstices are found the endoneurial 
cells, of spongy cytoplasm, elongated in the direction of the nerve, 
their branches anastomosing mth those of adjoining cells. 

2. A fibrillar sheath first demonstrated by Plenk and well de- 
scribed by Laidlaw. This sheath consists of delicate argyrophil 
fibrils, seen best after fixation in Zenker’s fluid. The fibrils are cir- 
cular, oblique and longitudinal. They anastomose to form a web 
or net which is applied closely to the Schwann cell. They are con- 
tinuous with the longitudinal fibers of the interstitial endoneurimn. 
In brief, the schwannian S3mcytium is enclosed in a web of reticulin 
resembling that which surrounds the epithelial lining of the in- 
testinal glands, and, like the latter, it is a basement membrane. 

When a cross-section of a nerve is impregnated by Laidlaw’s 
silver method and counterstained by ponceau-acid fuchsin followed 
by fight green, the result is very curious. Each nerve fiber is en- 
closed in a delicate black ring of reticulin which is closely applied 
to the schwannian cytoplasm. The cuticle of the membrane of 
Schwann is invisible. This should be taken in connection with 
Laidlaw’s interesting demonstration in the roots of the spinal nerves, 
that the membrane of Schwann and the Plenk-Laidlaw argyrophil 
sheath accompany the root fibers into the marginal glia to the same 
point. These two structures have exactly the same distribution. 
They are closely connected, therefore, and seem even to be included 
one within the other. One may ask whether they are not one and 
the same thing. Presently we shall see the importance of this con- 
ception. 



374 


MASSON 


of those pieces that were excised after three months’ growdh, fixed 
in Bonin’s picro-formol, embedded in paraffin and cut in serial 
sections, both transverse and longitudinal. The stains used were 
the txichrome (derived from Mallor>’-’s connective tissue stain); 
Laidlaw’s silver stain for reticulin, either alone or followed by 
ponceau-acid fuclisin and light green; and Mallory’s phosphotung- 
stic acid heraatox}din. 

Since similar pieces have already been studied by Nageotte, I 
shall again be obliged to draw on his descriptions. Those who, like 
me, have studied subjects already treated by him will soon leani 
how little there is left to glean after this great obser\'cr. It so hap- 
pens, however, that the little which I am able to add to his observa- 
tions is of decisive importance for the schwannian h>T50thesis of 
neurinoma. 


The Distal Segment 

Witli this name I designate the fragment of the distal stump that 
has been cut and left in place, as in Experiment I. This piece of 
nen’c is relatively slender, having lost about one-fourth of its origi- 
nal caliber. Its fibers arc degenerated and swollen here and there 
by fatly ovoids not yet absorbed. In the interv'als between the 
o\’oids the fibers have a uniform ailiber; they arc geometrically 
perfect cylinders. This docs not mean that all fibers have the .same 
diameter. Some are broad, some narrow. It is probable tliat the 
caliber of each degenerated fiber depends on its original caliber 
before degenerating. 

On cross-section the f hers arc seen to be notably broader than in 
the day.s immediately follovring wallcrian degeneration; they have 
undergone Xageotlc's secondary lij'jiertrophy. Tlie fibers are sepa- 
rated from one anotiier by abundant endoncurial collagen, very 
dense and of sclerous asjiect. Kacli fiber is surrounded 1.iy a dark 
blue, circular sheath (aniline blue of the triclirome stain) clo.scIy 
apjdird to it. At first siglit this sheath appears to be homogeneous 
Init it i> really composed of longitudinal fibrils pressed closely 
aga.inst one another like tlie staves of a barrel. The fibrils may be 
flrtccted in cross-sections where a defect in the knife has pulled 
thrm aj>;irt. a little. In longitudinal sections they outline a blue 
striatlon on the surface of each ncr.'e fi'oer. 

WUh Laidlav.-’s .silver method, these fibrils impregnate indis- 
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of endoneurium and the ends of the nerve fibers. On the conclusion 
of wallerian degeneration and revascularization of the endoneurium, 
these damaged nerve fibers, reduced to their syncytia, undergo 
gigantic hypertrophy. Schwannian sprouts emerge and, together 
with the regional connective tissue, construct a fibroglioma at each 
end of the fragment. The one, situated between the fragment and 
the distal stump, unites with a similar fibroghoma arising from this 
stump; together they constitute an aneuritic cicatrix very similar 
to an innervated cicatrix. The other fibroglioma, springing from 
the proximal end of the fragment, becomes an enormous tumor 
which invades the neighboring muscles and is still growing after five 
months. 

Into this experiment, which I shall designate as Experiment I 
and which resembles one already made by Bethe, there may creep 
a source of error. Neurites coming down from the spinal orifices or 
elsewhere may repopulate some of the schwannian bands, myelinize 
them and create an illusion of autogenous regeneration. In another 
experiment, which I shall call Experiment II, Nageotte and Guyon 
prevented any intrusion of this kind. From the right sciatic nerve 
of a rabbit they excised a piece i cm. long and transplanted it along- 
side of the left sciatic nerve of the same animal, separating the 
gluteal muscles without cutting them. From each end of the graft 
there grew a schwannian tumor which adhered to the neighboring 
tissues. In three months’ time such a tumor may have acquired 
twenty times the volume of the original graft and still be growing 
after five months. 

These tumors are exactly like those observed after the simple 
section of the nerve in Experiment I. They demonstrate the re- 
markable fertility of the schwannian syncytium, when deprived of 
the control exercised by the neurites. Both tumors are of capital 
interest to us in that they enable us to fix precisely the character- 
istics and properties of the schwannian syncytium when in autono- 
mous proliferation. 

Nageotte and his collaborator, Mile. Guyon, repeated these ex- 
periments with admirable results and presented me with some re- 
markable specimens which required only to be cut, stained and 
studied. For any interest aroused by the present work, the reader 
is indebted to them; if it should be judged mediocre or worse, it is 
to me alone that criticism should be directed. I shall make use only 
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meduUatcd fiber; but each territor}’- corresponding to a former inter- 
nodal segment now possesses several nuclei and several stellate cy- 
toplasmic bodies, anastomosing with one another and wilJi those of 
adjoining segments which have multiplied similarly. Since the axis 
c>dinder and the myelin sheath have disappeared, the schwannian 
S)mc)dium occupies the entire thickness of the fiber and not merely 
the peripher}\ It is cortical only around the fatty ovoids. 

To these observations, which conform exactly to tliose made by 
Nagcotte, I should add another. The schwannian nuclei of the 
h>T3ertrophied syncytium are more numerous than those of the fiber 
when recently degenerated and reduced to a filiform band. The 
nuclei often present longitudinal fissures of varying depth; or two 
or three elongated nuclei are found side by side in close contact in 
the same cydoplasm. It is obvious tliat these groups result from 
amitotic dmsion and longitudinal cleavage. At other points the 
nuclei, still near one another, are ranged in an oblique line but in 
different axial planes of the initial (ydindcr, as if the nuclei of an 
isogenic group had slipped past one another, together with their 
respective cytoplasms, and were spacing themselves regularly along 
the degenerated fiber. This disposition is rare in the distal stump 
but becomes more frequent near the cut end of tlic nerve. I shall 
return to it later. TJiis proliferation in the heart of a ncr\^c that is 
unable to elongate is a curious phenomenon. It c.\’plains the second- 
aiy' hj^oertrophic broadening of Biingner’s bands, a broadening not 
due .solely to volumetric increase of the Schwann cells but also to 
their amitotic multiplication, to their hyperplasia. 


Segment (Experiment I) or Graft (Exteriment II) 

The events in these two })ieces are essentially the same. For pur- 
j>oses of description either may be chosen. I have already described 
the .shortening of the piece of nerve when simply isolated (ICxperi- 
ment I), or when bolated and then lrnn.splantcd (E.'q)crinicnt If). 
J have noted also the hernia of its contents, the endoneurium and 
lUTvc fibers, protruding beyond the divided perineurium. An 
crienia infiltr.iles the entire piece, affecting fK)!h its endoneufial 
corderjis and the perinc'uruun, (he collagenous laminae an<l endo- 
thelia of •,vhich separate, leaving h(:tv.x‘en them large lacunae tilled 
wit It .art ahtolutciy colorless tluid. By isolating the elemetUs of the 
nrrve, the edema en;d>if> us to follow them more easdy itt serial 



EXPERIMENTAL AND SPONTANEOUS SCHWANNOMAS. I 375 

tinctly. They are violet and not black. They run almost exclusively 
in a longitudinal direction and are much coarser than the argyrophil 
fibrils that run in all directions and envelop the normal nerve fiber 
as in a net or \Yeb. They are continuous with the interstitial fibers 
of the endoneurium. These latter fibers seem to be no more numer- 
ous than those of the normal endoneurium, but they are broader 
and their colorabihty with aniline blue and by the Van Gieson 
method has increased to the detriment of their argyrophilia. The 
endoneurial cells have undergone no appreciable change. 

In a word, the entire endoneurial interstitial substance has become 
denser and coUagenized. The original argyrophil reticulum has been 
replaced by a coarse, sclerous, collagenous network. It is fitting to 
recall here the remarkable property possessed by this fundamental 
substance of the sclerous endoneurium, of swelling in weak solutions 
of nitric acid. This property is confined to this tissue and to the 
collagen of the cornea (Nageotte). 

The degenerated nerve fibers color pink in acid fuchsin. No 
fuchsinophil membrane comparable to the primitive membrane of 
Schwann separates them from the collagenous sheath. It seems as 
if the latter, which has replaced Laidlaw’s reticulin membrane, has 
at the same time replaced the membrane of Schwaim. Is not this 
an argument in favor of the idea that the reticulin membrane and 
the membrane of Schwann are one and the same thing? 

In cross-sections the degenerated fibers enclosed in their collagen 
tubes seem to consist of two substances, a homogeneous fluid faintly 
colorable by fuchsin and tiny angular bodies of various sizes, some 
punctiform, others larger and staining more deeply. In some of the 
larger bodies there is seen a round nucleus. In longitudinal sections 
there are protoplasmic bands regularly calibrated and set with 
many oval elongated nuclei with delicate reticular chromatin and 
often containing a large plasmosome. The cytoplasm appears to be 
striated longitudinally. In reality this striation corresponds to the 
juxtaposition and to the fasciculation of shghtly sinuous ceU bodies, 
together with their branches running lengthwise along Biingner’s 
bands. Conforming to Nageotte’s conception, a Biingner band 
consists of stellate cells with filiform prolongations anastomosing 
in a network, the meshes of which are drawn out lengthwise. 

In brief, this S5mcytium reproduces the essential reticular and 
anastomotic arrangement of the schwannian syncytium of the 
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sections and greatly facilitates histological analysis. The edema is 
much more pronounced in the segment that is simply cut and left 
in place (Figs, i and 3) than in the graft (Fig. 10). For this reason 
in this description I shall use chiefly the specimens of Experiment I. 
To avoid prolonging this paper beyond measure, I shall limit myself 
to a synthetic statement: for analysis the reader is referred to the 
figures and to their copious legends. 

The phenomena that I am about to describe begin at each end of 
the incised segment and extend progressively to the middle of it, so 
that by studying first the nerve fibers and the endoneurium in the 
middle of the segment and then toward either end, we may recon- 
stitute the successive stages of their transformation. 

The Schu'’annian Bands (Diagram) 

Secondary hypertrophy of the degenerated fibers, already distinct 
in the distal stump, assumes enormous proportions in the incised 
segment. If we should designate the mean diameter of the distal 
bands by the figure i, their diameter in the middle of the segment 
would be from 4 to 10 (Fig. i) and near the ends from lo to 20 
(Fig. 2). This broadening of the original fiber is accompanied by 
active amitotic proliferation of its nuclei. It is followed by longi- 
tudinal cleavage which converts each schwannian band into a bimdle 
identical with the innervated bundle of regeneration, except that 
it possesses neither neurites nor myelin. 

We shall follow the steps of this transformation. Our point of 
departure wiU be the reticular syncytium enclosed in a thick col- 
lagenous sheath formed of coarse, closely-set, longitudinal fibers 
which have replaced the former membrane of Schwann and the 
Plenk-Laidlaw reticular sheath. 

The schwannian cytoplasm fills the collagen sheath completely; 
at this point there is no fluid between the tissue elements. The 
cytoplasm is pale pink, vitreous and homogeneous. Cross-sections 
(Fig. i) show it to be divided into polygonal territories of unequal 
dimensions by very thin septa of darker red color. The septa are 
dotted with tiny points stiU darker red; these are cross-sections of 
delicate fibrils. Here and there a slight retraction, a shrinking of 
certain territories, shows that each of them is bordered by a tbin 
membranous condensation. It is obvious that the protoplasmic 
septa between contiguous territories are very thin membranes, each 
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vicinity of the nuclei. These nuclei are elongated ovals, sometimes 
gigantic, containing a large plasmosoma, often fissured longitudi- 
nally. Isogenic groups of two or three nuclei are often seen. 

Around these broadened fibers the collagenous sheath is dis- 
tended. Its longitudinal fibers are no longer contiguous, but sepa- 
rated from one another by the sivollen contents. Fine collagen and 
argj'rophil (Laidlaw’s method) fibrils soon appear in the septa. 
Some of them are continuous with fibers of the perineurial sheath; 
others are axial without \’isible continuity with any preformed 
collagen. Still other fibrils are added to the first group and little by 
little each C3'toplasmic septum (red) is replaced by a collagenous 
septum (blue), llie partitioning is more precocious at the periphery 
of each fiber tlian in its center, so that at a certain stage a cross- 
section of a fiber gives the appearance of peripheral spurs projecting 
inward. The spurs arc the beginnings of radial septa. 

\Mien the collagcnization of the membranes of Schwann is fin- 
ished, each cell (nucleated body together with its multiple and anas- 
tomosing branches) of the syncytium is enclosed in a continuous 
tubular sheath, rctiform like the cell and moulded c.xactly on it 
(Figs. 2, 3 and 4). Later the party walls split so that there comes 
to be an individual .sheath around each fiber (Figs. 2, 6 and S). In 
this way two cytoplasmic branches, locally distinct but contiguous, 
may separate from each other, each enclosed in its collagen sheath, 
which nevertheless remains connected vdth its fellows by fine blue 
fibrils. Local isolation ceases at the first anastomosis, where two 
cytoplasmic c)'linders unite in a single fiber within a single tubular 
collagenous shcatli. Since collagenous partitioning always follovv.s 
cytoplasmic partitioning it is always more advanced, more pre- 
cocious around the cellular prolongations than around the nuclei. 
It appears last between the nuclei of the same isogenic group. 

All of these phenomena begin and proceed in the degenerated 


fiber, even when it still contains fatty ovoid-s (Figs. 2 , .t and S). 
I'hey art seen even alongside of the ovoids themst-lves (Fig. ?)( the 
pre.-tnee of which <Joes not interrupt the continuiiy of the schwau- 
nian syncytium. 

In tin's wav the schv/anriian svncvtitnn of each degenerated fib'-r 
i? corsvertcd into a rctiform Inmdle cecactly like an innervatco 
Imndlt o; ?c.;-encr;\*iion litfore mveliniTeition. Tlsis nut t.tnctly 
v-h.'it Nagf'Utr rdrerved. In his ex|K;rirnenlaI m.'iter5:d tlu- 
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of them closely adherent to its cytoplasmic territory but susceptible 
of separation. These are the membranes of Schwann, fo rmin g 
around each of the territories that have arisen from a single Schwann 
cell. The broader territories often contain a nucleus. Here and 
there are cross-sections of several nuclei, two, three or more in the 
same fiber. 

In longitudinal sections (Fig. 3) these fibers appear to be striated. 
The striation corresponds to different shades of color of the cyto- 
plasms that are elongated in the direction of the fiber, of the mem- 
branous septa which separate them, and of the tiny fuchsinophU 
fibrils lodged in the septa.* The striation ceases or diminishes in the 

* After fixation in picro-formol, phosphotungstic acid hematoxylin stains these 
fibrils and these septa bluish. It is probable that the fibrils correspond to those which 
Nageotte demonstrated with Benda’s neuroglia stain. 


Diagram i 

Experiment II. Transformation of a degenerated fiber into an aneuritic bundle of 
regeneration. 

(A) Incised segment. (B) Limit of the hernia, (a) Degenerated medullated fiber 
reduced to its schwannian syncytium and hypertrophied secondarily, (b) Its collagen 
sheath, (c) Interstitial endoneurium dissociated by edema. 

(r to s) Successive aspects of the fiber at different levels. On one side a longitudinal 
section; on the other a cross-section. 

(1) Two isogenic nuclei. Incomplete cytoplasmic partitioning. The collagen sheath 
is a little distended by its contents. Its longitudinal fibrils are slightly separated from 
one another. 

(2) Intemuclear region. Cytoplasmic partitioning (dots in cross-section, delicate 
lines in longitudinal section) is more advanced here than in the region of the nuclei. 
The laminae of the collagen sheath begin to separate. 

(3) Beginning of collagenous partitioning. The old collagen sheath of longitudinal 
fibers has separated from the schwannian cylinder and is being incorporated into the 
interstitial endoneurium. The cylinder itself is covered by a new reticular sheath, 
chiefly of circular fibrils (dots in longitudinal section) which gradually grows more 
dense. 

(4) Collagenous partitioning is being completed, the collagen replacing the cyto- 
plasmic septa. 

(5) Cleavage of the collagenous septa and isolation of the young cylinders. Be- 
tween them is the neo-endoneurium, the framework of which is constituted by longi- 
tudinal fibrils liberated from the septa at the time of their cleavage. 

(C) Infiltrating schwannoma. Cylinders continuous with those of an aneuritic 
bundle invading the coxmective tissue. Isogenic nuclear groups on the same transverse 
plane or in process of shifting along the cylinder. 

(d) Schwannian cylinder in the stage of cytoplasmic partitioning invading the con- 
nective tissue. It passes through the same stage of partitioning as the original cylinder. 
It is separated from the surrounding tissue by an endotheliform perineurium, formed 
probably by cells emigrated from the endoneurium of the incised segment and not by 
local connective tissue cells. 
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creases progressively and the collagen fibers, increased in number 
and deprived of their jelly, resume their habitual precision. 

The gelatinous envelope surrounds each schwannian fiber exactly, 
constituting a sheath system. Between adjoining gelatinous sheaths 
there are clefts occupied by endoneurial cells and by a network of 
their branches. These cells have multiplied by amitosis. 'WTien the 
jelly has disappeared, these cells install themselves in its place be- 
tween the liberated and multiplied fibers. Of the two types of cell 
present, the endoneurial cell and the schwannian sjmeytium, which 
seems to have the decisive influence on the production and on the 
increase of collagen? Everything favors the schwannian S}mcytium. 

If we now examine attentively the Laidlaw sheaths which have 
become collagenized, we see that certain of them are reduplicated 
and that others are partially separated from the schwannian fiber, 
the cj’toplasm of which is in contact vith the gelatinous substance. 
Tliis denudation of the syncytium lasts but a short time. A col- 
lagenous pellicle, consisting in reality of a delicate web of fibrils, 
especially circular fibrils, identical with the Plcnk-Laidlaw sheath 
of the normal fiber, is being constructed and is replacing the initial 
cytoplasmic membrane. Thus the sjmcylium is soon enclosed in a 
new and vcr\' thin sheath which soon thickens in its turn (Fig. 11). 

In brief, at the time when the old collagenous sheath is separating 
from the sync>^tium and becoming incorporated in the interstitial 
cndoncurium, a new reticular .sheath is being produced on the sur- 
face of the syncj'tium. 'J'hc degenerated fiber seems to undergo a 
sort of moulting like that of the imago when it issues from the 
chrysalis. It is at this time that the internal collagenous septa begin 
to aj)pcar, those septa that convert the degenerated fiber into an 
a.neuritic schwannian bundle. I’hus the entire sheath .system of the 
bundle of regeneration and even the interstitial framework of the 
cndoncurium seem to be determined by the schwannian sync}dium. 
Nageotte has said that the schwannian syncytium constructs the 
nerve and the neuriles occupy it. We may add, I believe, that the 
fchtvaiu'iian sync}’tium constructs the endoneurial collagenous 
fram.ework and the endoneurial cells occupy it. 


Tnr: J.vriLTnATnm. S’aiWAKN*o7.?AS 


With? 

rerv!. ana 


the rlistal slump, as in tlie cut segment of the nerve, 
n pOiUferati'Hs is moderate in degree (Figs.. 5, 6, 7). F.'tch 
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lagenous partitioning was roughly sketched but it remained incom- 
plete, never advancing to complete cleavage. Nageotte held that 
complete cleavage is peculiar to innervated bundles and that it was 
determined by the intrusion of the neurites. My ovm observations 
show that the influence of the neurite is not indispensable. This is 
of capital importance for the understanding of neurinomas. 

The collagen which forms in the place of, and without doubt at 
the expense of, the schwannian membranous septa without the 
intervention of any mesodermal cell, is an endoneurium — a neo- 
endoneurium — the endoneurium of an aneuritic bundle. It is 
exactly like the neo-endoneurium of an innervated bundle of re- 
generation. Like the latter it is invaded secondarily and occupied 
by typical endoneurial cells, but these cells have not created it. 

Evolution of the Old Endoneurium 
The Neo-Endoneurium 

As I have already said, all of the phenomena just described begin 
inside of the original, thickened Plenk-Laidlaw sheath. This dis- 
appears as a sheath in a remarkable manner. In regions where the 
degenerated and hypertrophied fibers have not yet undergone col- 
lagenous cleavage (Figs. 1 and ii), each of them stiU enclosed in its 
collagenous sheath is surrounded by a sort of casing of gelatinous 
appearance, composed of an extremely delicate network, the fibers 
of which are non-argyrophil and stain but faintly with aniline blue. 
This casing encloses not only the collagenous sheath of the degen- 
erated fiber but also a group of interstitial endoneurial fibers. These 
latter, which appear to be voluminous and deeply stained under low 
magnification, consist of numerous fibrils associated in bundles. 
The contours of the bundles are indistinct. They seem to dissolve 
into the gelatinous substance. A little reflection will show that this 
apparent jellification of the fibers is inadmissible. If they had 
swollen before disappearing, their colorability and their number 
would have diminished. On the contrary, their number has in- 
creased and their colorability is intensified. There is rather the im- 
pression that new fibers are forming little by little around the pre- 
existing endoneurial fibers by condensation of the gelatinous sub- 
stance which bathes them. The new fibers join the old ones to form 
the bundles. That which tends to confirm this idea is that as one 
approaches the cut end of the nerve the gelatinous substance de- 
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Around the smaller bundles there is a single layer; around the larger 
bundles they are stratified. Nageottc says that tliis newly formed 
perineurium is constructed b}* connective tissue cells from the in- 
vaded region which is adapting itself to its schwannian guest. For 
reasons whicli it will be more opportune to develop later, I have 
adopted a diilerent opinion. For me, the endotheliform cells are 
cells which have emigrated from the endoneurium of the incised 
segments; they have followed the schwannian sprouts and construct 
protective sheaths for them. 

I shall add a final observation. The perineurium of the degener- 
ated nerv^e, delaminated, edematous, converted into a lacunar 
sheath, is invaded b}- many sprouts. These sprouts push into an 
optically empt}' fluid as free from albumin as is the cerebrospinal 
fluid. The sprouts are always enclosed in a reticular sheath rein- 
forced by longitudinal collagen fibrils. Secondarily and later the 
endoncurial cells emigrate, and arrange themselves around the 
sprouts as miniature perineuria. I insist that the collagenous sheath 
of the sprout, the rudiment of its endoneurium, is constructed be- 
fore any contact with an endoneurial cell, and under the sole influ- 
ence of the schwaimian syncytium (Fig. 7). 


SuiniARY OF Part I 

The schwannian syncytium enters on mitotic proliferation 
(Biingncr) when the medullated axonc which inhabits it has been 
separated from its trophic center and degenerates. The new nucle- 
ated territories conserve their sjTicytial relation. From the cut ends 
they invade tlic wound until the ncurites, coming down from the 
proximal stump, penetrate them and together with them construct 
the bundles of regeneration. 

If inncn.'ation is prevented, the proliferation of the sclnvannian 
fvncA'tia continues both in.sidc of the nerv'C and from the cut end. 
It becomes e.xubcrant when the distal stump is cut a short distance 
bdow the first incision (Xagcolte)- Tlic isolated piece of ner\'e 
gives rise to a %'oluminou?, infiltrating, scluvannian tumor, 

Study of tlic syncytium in proliferation, l>oth in the rierve trunks 
therrsjrK'cs and in the .surrounding connective tissue, shows that 
e.ach h'chwnrm cell is capable of being tran^doniiCfi irdf) an aneuritic 
of regfner:'.!!on, purely selnvannlan, ri-tiforin, a.nd m<jr{>ho. 
i^gii.aby id'-ntif.;;! with the innervated biuidles before their myelin* 
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degenerated nerve fiber is transformed into an aneuritic bundle of 
regeneration broader than the primitive fiber which it has replaced. 
Usually at the end of three months the transformation is complete 
only near the cut ends. When the cut segment is very short, the 
change may involve the entire length of the degenerated fibers. 
However, in the original nerve the old fibers and the bundles de- 
rived from them do not elongate, neither do they form anastomoses. 

At the ends of the cut segment there is a very different picture. 
From the cut surface there escapes a sheaf of aneuritic sprouts, 
continuations of the elements of the bundles of regeneration, which 
invade the surrounding connective tissue, anastomose with one an- 
other, reunite in bundles which in their turn soon ramify and join 
neighboring ramifications to form new bundles, and so on. Thus 
is constituted a peripheral fibroglioma of retiform or plexiform 
structure. 

I shall dwell no longer on the general aspect of these schwannomas, 
which have been described so well by Nageotte, but only on certain 
features of their aneuritic fibers which alone interest us here. Some 
of the cellular bands which have long since invaded the connective 
tissue push no further. They are exactly like those of the incised 
segment. Cylindrical, enclosed in a thick sheath of collagen, they 
consist of a schwannian S3mcytium of elongated cells which do not 
fiU the sheath completely. Between the cells and their processes 
there is more or less abundant fluid. Other bands are in active 
growth (Fig. 5) ; they consist of turgid cells that fill their very thin, 
reticular, collagenous sheath completely. Their nuclei are dividing, 
always amitotically. The isogenic groups of nuclei are being scat- 
tered rapidly by shifting and spacing of the nuclei along the fiber. 

Beyond any doubt, the retiform structure is often constructed by 
lateral anastomosis of the advancing bands, as observed by Nageotte 
(Fig. 5) ; but it results also from longitudinal cytoplasmic partition- 
ing followed by collagenous partitioning and then cleavage of the 
collagenous septa, exactly as I have described in the degenerated 
fibers which undergo hyperplasia in the incised segment. In other 
words, the invading bands are converted into aneuritic bundles 
(Fig. 6). 

The isolated bands, the smaller and larger bundles, are always 
separated from the connective tissue by a more or less continuous 
layer of endotheliform cells, constituting miniature perineuria. 
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gelatinous sheaths there are fissures occupied by proliferated cndoneurial 
cells and by their anastomosing prolongations. In this jelly the collagenous 
fibers increase in number; those of the old Plenk-Laidlaw sheath c.xfoliate 
(d) ; then they separate little by little from the schwannian bundle and be- 
come incorporated in the interstitial endoneurium. 

At {h") the collagenous partitions isolate several schwannian prolonga- 
tions from tlieir fellows. 


Fig. 2. Experiment 1 . Segment resected and left in place. Cross-section of 
hernia. Trichrome stain with aniline blue. 

The magnification of this drawing is 2^ times less than that of Fig. i. 
The aneuritic bundles of regeneration here represented arc continuous with 
the degenerated fibers of Fig. i, but they arc two or three times broader. 

Below and to the right (u) the collagenous partitioning of each schwan- 
nian bundle is less advanced than at the left, where it is complete (/;) and 
at (c) where cleavage of the partitions is beginning. Three bundles still 
contain fatty ovoids (d). 

(e) Bundles incompletely partitioned and cut almost longitudinally. 
The interstitial endoneurium is edematous but rich in collagen fibers. 
Some of them have belonged to the original Plenk-Laidlaw sheath; they 
have become collagcni7x;d and they have separated from the schwannian 
bundles. There is no longer a gelatinous casing around the bundles. Eacli 
bundle, together with its constituent elements, is surrounded by a new 
Plenk-I^idlaw sheath already thickened and collagcnized. 

(/) Split bundle, the elements of which begin to disperse. 

(,1;) Epincurial connective tissue invaded by schwannian bands. 


Fig. 3. Experiment I. Segment resected and left in place. Longitudinal 
section supposed to be from between the cross-sections represented in 
Figs. I and 2; this of course is from another block. The degenerated and 
slightly sinuous hypertrophied fibers are visible for only part of their 
length. 

(fl) The a-xis of this fiber is crowded with fat drops, residue of myelin. 
The margins of the syncytium arc set with rows of nuclei. From one side 
to the other transverse anastomoses maintain the continuity of the s)^- 
cylium in all directions. At the left the section, becoming tangential, 
shows the incomplete transverse .separation of the nucleated territories and 
their elongation in the direction of the fiber. At the left arc seen the longi- 
tudinal collagen fibers which surround the schwannian .syncytium (ncv.' 
Plcnk-I^idlaw sheath). 

i'f) On the right a striated appearance. 'I'hc lighter band.s correspond 
to the polygonal territories of Fig. 1 ; the darker lines correspond to the 
p.irtitions seen in optical section and to their rion-collagcnizcfl fibrils (fj. 
Fig. i). On the left the .s.a!7!c .schwannian b.md; irolated in its .substance is 
a tk’iicate blue collagen fibril. 

U-) .Schw.tnnian h-ands cut obliquely and distended by enormous fat 


drop^. Delicate .'tn.T-tomoses co.nncct the nucleated territories. 

(dj Schwannian band cut in two places. On the right an i'-ogenic group 
o? nufki bw'-ide a fat ifroplct. Imrncfb'atdy to thdr left collagenous par- 
titiurr. .''.cp.'usie tisc prolongations of the cell.'.; the partitions tr.qHwt the 
and ensheajj.p ;hern. The cro'sed blue tibern arc cndoneurial 
c-j'Jigrn fihere plirfs-,1 aLovc t!:e schwanni-Sf: bundle. On the kfl ih.c f-arnc 
bar.'i prc’-entr & cuntaifilnga gigantic rnjdnjs. 
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ization. This transformation is accomplished (a) by repeated ami- 
totic division, {b) by longitudinal cytoplasmic cleavage, and fol- 
lowed (c) by the production of tubular, ensheathing septa formed 
of reticular collagen. 

The production of the ensheathing collagen and of the entire 
interstitial endoneurium of the bundle is determined by the schwan- 
nian syncytium. The role played by the endoneurial cells is distant 
and indiscernible. It is only after the endoneurial framework has 
been constructed that the endoneurial cells come to occupy it. 

The schwannian bundles that invade the ordinary connective 
tissue are separated from it by an endotheliform perineurium, 
formed in all probability not by the common connective tissue cells 
of the neighborhood, but by cells emigrating from the endoneurium 
of the degenerated nerves and being transformed into endotheliform 
cells. 


DESCRIPTION OF PLATES 


Plate 65 

Fig. I. Experiment I. Segment of nerve resected and left in place. Cross- 
section of middle. Trichrome stain with aniline blue. 

The degenerated nerve fibers appear as pink circles mounted in blue 
(Plenk-Laidlaw sheath sclerosed). Their size varies greatly. Some (a) are 
scarcely broader than the largest fibers of the distal stump; others are four 
times as large (6). 

All of the nerve fibers are divided into polygonal territories by septa 
dotted with dark red points (fibrils). Sh'ght shrinking of some of the terri- 
tories shows that in reality the septa are boundary membranes (membranes 
of Schwann). Some territories broader than the rest contain a nucleus. 
Some fibers present two nuclei (isogenic group) in the same transverse 
plane. In brief, each degenerated and secondarily hypertrophied fiber is 
converted into a schwannian bundle, composed of nucleated cell bodies and 
their multiple and anastomotic prolongations, all elongated in the direction 
of the nerve and crowded into the old Plenk-Laidlaw sheath (b), which has 
become coUagenized. The fibers of this sheath, spread apart by the in- 
crease of the schwannian syncytium, are no longer contiguous as in the 
distal stump; they appear as blue dots. 

Collagenous fibrils and then collagenous septa begin to replace the proto- 
plasmic membranes of Schwann (b'). At (fi") the schwannian bundle, de- 
prived locally of its sclerosed coUagenous sheath, is enclosed in a thin col- 
lagenous pellicle of new formation and contemporaneous with the fibrils 
that begin to appear in the internal cytoplasmic septa. 

Each degenerated fiber is enclosed in a thick, pale blue, gelatinous sheath 
which surrounds not only the Plenk-Laidlaw sheath, but also a group of 
collagenous fibers of the interstitial endoneurium (e i). Between the 
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Plate 66 

Fig. S. Aneuritic bundle of regeneration from the margin of the endoneurial 
hernia (Experiment 1 ). 

Below, swelling of the old schwannian band containing fat droplets. The 
bundle has escaped from the nerve. Its collagenous cleavage is finished and 
the young sprouts invade the surrounding connective tissue, assuming 
successive!}' the aspects of Figs. 5 and 6. 

Fig. 9. Another bundle near that of Fig. S. 

In the lower half note the group of isogenic nuclei that have remained in 
the same transverse plane and form a palisade. The nuclei are flanked 
above and below by a collagenous fibrillar layer, veiy' dense, composed of 
the collagenous sheaths which enclose each of the cellular prolongations 
above and below. They constitute a collagenous palisade on cadi side of 
the nudear palisade. 

In the middle, a schwannian band of the same bundle, in process of 
elongation, shows four isogenic nuclei which have ranged themselves in a 
row. On the right and left, other bundles arc cut obliquely. 

Fig. 10 . E.xpcriment 1. Graft of sciatic nerve near the end. Images similar 
to those of Figs, i and 2. The endoneurial edema is much less pronounced. 
Tlic degenerated fibers show all the stages of longitudinal deavage and col- 
lagenous partitioning. 

Fig II. E.xpcriment I. Segment resected and left in place. Middle region. 

Two regenerated and h>’pcrtrophicd fibers, freed from their old collage- 
nous sheath, show in places Uicir newly formed Plcnk-Laidlaw sheath, cither 
as delicate drcular fibrils (curve of the central fiber) in tangential sections, 
or as dots in longitudinal sections (central fiber and fiber to the left and 
above). 
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Fig. 4. Segment resected and left in place. Same preparation as Fig. 3. A 
degenerated fiber converted into an aneuritic bundle between two fatty 
ovoids. 

(a) Isogenic group of nuclei; on the left not yet separated by collagenous 
septa; on the right so separated. 

(b) Cellular prolongations partially separated by septa which cease in 
region (c) where there is a large ovoid. The partitioning therefore is more 
precocious between the prolongations than between the nuclei. 

(d) Collagen fibrils of the new Plenk-Laidlaw sheath. 

(e) Remains of the gelatinous sheath. 

Fig. 5. Experimental schwannoma. Experiment II. Young schwannian 
bands invading the connective tissue. Note their retiform arrangement. 
All of them are enclosed in a thin collagenous sheath which silver staining 
shows to be finely reticulated. At (a) the bands show distinct striation 
between the nuclei. The nuclei are dividing by amitosis. At (i) they form 
isogenic groups, rapidly dispersed owing to their shifting along the fiber 
which is elongating actively. 

Fig. 6. Experimental schwannoma. Experiment II. Schwannoma invading 
the connective tissue. Bands older than those of Fig. 5. 

This figure shows the stages of cleavage of the schwannian bands. 

(а) Their transformation into bundles, at first protoplasmic. 

(б) Their progressive collagenous partitioning. The collagen appears 
in the center of the band as well as along its borders where it has the ap- 
pearance of spur-like processes. 

(c) Cleavage of the collagenous septa followed by separation of the 
bands. 

(d) Broadening of the bands. 

The figure shows the progressive ensheathing of the bands and of the 
bundles by flattened cells which separate them from the connective tissue. 
These miniature perineuria spring perhaps from the regional connective 
tissue, adapting itself to the schwannian bands (Nageotte). However, I 
make every reservation in this interpretation. I believe that the new 
perineurium is formed of endoneurial cells of the incised nerve, which have 
followed the schwannian sprouts. 

Fig, 7. Experiment I. Invasion of the edematous perineurium of the distal 
segment by a schwarmian band. 

The syncytium consists of very long cells with slender prolongations, 
highly retractile, bathed in a colorless fluid. 

(a) Thin, pale perineurial cells. Cell (o) is not in contact with the 
schwannian band but on a lower level. The framework is surrounded by 
its reticular collagenous sheath (6), visible as a blue line bordering the band, 
or as a light blue veil at (b') (tangential section). 

(c) Mobile cells from the endoneurium which are beginning to lay down 
a perineurial sheath. This sheath is discontinuous and very recent. The 
collagenous sheath exists before the arrival of these cells. It is determined 
by the schwannian band. 
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The TuiiOR Tissue. Classic Data 

Among neurinomas, Antoni distinguished two structural tj^es, 
Tj-pe A, fasciculated and clearly polarized, that is, arranged in 
elongated bands, and Type B, reticular, witliout polarity. Type A 
often presents palisading, the description of w'hich is usually ascribed 
to Verocay; but it was noted before Verocay by von Hippel, Mayer, 
Francini, Antoni and others. The palisading is inconstant but ab- 
solutely pathognomonic when present. Type B, the reticular tjq)C, 
is constant. Probably it arises by dedilTerentiation of Type A. It 
is characterized by hyaline degeneration of the intercellular sub- 
stance. In short, despite its three possible aspects, fasciculated, 
palisaded and reticular, the neurinomatous tissue is a unity. The 
palisading is a complication of the bundles; the reticular is a de- 
generated form. 

The basic substance is composed of delicate reticulated fibrils 
staining blue vdth Mallory’s connective tissue stain (aniline blue), 
yellow or orange with Van Gieson’s and black with Biclschowsky’s 
method. VTien degenerated they become transparent like hyaline 
substance but softer, more like jelly. Neurofibrillar impregnation 
methods sometimes reveal a few neurites. It is improbable that 
these neurites form an integral part of the tumor; they are old 
neurites of the nerve trunk in which the tumor has grown. 

This classification of the structural aspects of neurinomas seems 
to me to be veiy judicious. Like many of my predecessors I adopt 
it, not a priori but a posteriori, because my observations lead me to 
believe that it includes the essential facts; but the description of 
each tissue l>'pc, as one may read it in Antoni, is much too succinct. 
The same may be said of the innumerable subsequent descrijitions. 
Each of them has brought to the sup|X)rt of the schwannian hy- 
{xithesis of neurinomas a fresh confirmation of the structures seen 
by x\ntoni or some new structural details; but no one of tlicm has 
asrembled a group of argument.s sufficiently convincing to rout the 
jiarli.-ans of the fibroblastic h>TX)thesi.s, 

7‘i:cH.NTQin: 

It feems to me that this shortcoming ir. flue to the univemal tr^c 
of the '.nme techniques, first and foremost Van Gieson';;. I shall not 
fpcaV. of the hematoxylin anfi exedn stain which should long ag<> 
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{From ilie Laboralory of Palltological Analomy, Universili de Montreal, Montreal, Canada) 

Paet II 

SPONTANEOUS SCHWANNOMAS 
Introduction 

The tumors to be discussed here are the encapsulated tumors of 
the peripheral nerves (neurinoma, lemmoma, peripheral glioma, 
neurofibroma and perineurial fibroblastoma) situated outside of the 
cranial cavity and outside of the spinal canal, I shall not touch on 
the encapsulated tumors of the cranial nerves or on those of the 
spinal nerve roots, not because these tumors are without interest 
or any different from the others, but simply because circumstances 
have not permitted me to accumulate a sufficient number of ex- 
amples, 

I shall take no account of the number of tumors in the same sub- 
ject, The distinction between solitary and multiple tumors is purely 
clinical; it has no scientific value, A diagnosis of solitary tumor 
would have to be controlled by dissection of every nerve in the 
body; an accessible voluminous tumor may seem to be solitary, 
while others, smaller and situated more deeply, escape palpation. 
Furthermore I believe that solitary and multiple tumors are identi- 
cal in structure. 

The Capsule 

The characteristic element of these tumors, the capsule, enables 
us to eliminate from the discussion other tumors of the same nature, 
but infiltrating and diffuse. The capsule, formed of lamellae, en- 
velops the tumor except at the point of attachment of the nerve. 
Here it is continuous with the perineurium and it probably repre- 
sents the former perineurium distended locally by the growth of 
the tumor within it. This feature is important for it shows that the 
tumor is composed of one or several of the elements of the normal 
nerve enclosed within the perineurium. 

* Received for publication March i8, 1932. 
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I. THE BUNDLES 

The basic element of the bundle — the nucleated ribbon, the syn- 
cytial band — is in reality a nucleated cytoplasmic joist of circular 
cross-section. It is a cylinder, but a cylinder unequallj’- calibrated 
and without free ends, being continuous with other cylinders. The 
(y'linders are not only continuous longitudinally but they are also 
united laterally by oblique cylindrical anastomoses. Connected 
thus in all directions they form a net-like assemblage of three di- 
mensions, the meshes being drawn out along the length of the fiber. 
The meshes are so elongated that tiie constituent cylinders are 
nearly parallel and so close to one another that they leave only long, 
narrow cliinks, often mere potential spaces, between their surfaces 
of contact (Diagram i). 

The Cylinders 


Accurate cross-sections of a compact bundle show that the caliber 
of the cylinders is quite variable and that their structure is not less 
so. In general the caliber and the structural complication are pro- 
portionate (Fig. 3). By separating them the edema* makes their 
study cas}' in serial sections and permits of facile reconstructions 
(Figs. I and 2). 

A Simple Cylinder 


First of all I shall dc.scribe an elementary^ cylinder, as simple a 
one as jxrssible, disregarding its connections. As a center I .shall 
assign it a nucleus and for ends an imaginary transverse plane 
cutting it on either .‘^ide of the nucleus halfway' to the next nuclei of 
the same cylinder (Fig. 2 (5)). 

(A) Trichromc Blue: (Fig. 2). The cylinder is not geometrically 
perfect. At the level of the nucleus it is enlarged, its diameter being 
alxjut 7 microns, whereas near the ends, esfrccially if it is very long 
fj,o to .jo microns), it measures barely 2 to 3 microns in diameter. 
Its cytopdasrn is colored uniformly <ieep pink. 'I’lie nucleus does not 
fill nearly the entire area of the cell as hajrpens in spindle-eell .sar- 
ro.ma. 1 ml onlv oiie-third or one-fourth. The form of the nucleus 
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have been relegated to a museum of antiquities. Many who have 
used Mallory’s methods and silver impregnations of collagen would 
have seen decisive things, if instead of using these techniques sepa- 
rately they had used both of them on the same section. In my own 
studies I have used the trichromes, derived from Mallory’s aniline 
blue method, either alone or combined with Laidlaw’s silver stain 
for reticulin, after fixation in Bouin’s picro-formol. 

Basic Material 

My studies were greatly facilitated by one specimen, a circum- 
scribed painful tumor that elevated the mucosa of the anterior 
region of the palate in a girl 17 years of age. In the course of several 
months this tumor had attained the size of a bean. Finally the 
mucosa over the tumor ulcerated and the tumor grew rapidly. Ex- 
amination of a biopsy removed by Dr. Ph. Panneton of Montreal 
revealed a typical neurinoma with many bundles and beautiful 
palisading. Eight days later the tumor was extirpated and it has 
not recurred. 

The biopsy had the peculiarity that, having been recently and 
superficially infected, it was infiltrated by an abundant edema which 
dissociated the elements of the neurinoma before they had time to 
degenerate appreciably. The tumor itself was still more edematous. 
Many of its cells had disappeared, permitting an easy study of the 
collagenous framework. The edema being recent, especially in the 
biopsy, and occurring in a neurinoma of rapid growth, it permitted 
an examination of the bundles and of the palisades in exceptionally 
favorable circiunstances. Later I was able to discover the, same 
features in all of the neurinomas examined. 

Every neurinoma grows; its constituents multiply, enlarge and 
evolve. In order to understand them they must be studied not only 
as functions of three dimensions in space, but as a function of time. 
Obviously this latter factor will escape micrographic technique, but 
one can, I believe, deduce it from the histological aspects and in- 
troduce it into the argument with small chance of error. We shall 
study successively the essential elements, the bundles and the pali- 
sades (Type A); then the degenerated forms, that is to say, the 
sclerosis attributed to the intrusion of connective tissue, and finally 
the reticulated areas (Type B). 
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cylinders where it is visible or around all of them. As well put the 
same question for tlie normal nerve fibers where the visibility of the 
Plcnk-Laidlaw web is far from constant and depends largely on the 
fixative employed. Picro-formol, whicli I have used in these obser- 
vations, is less favorable for its exliibition than the Zenker fixation 
recommended by Laidlaw. In these picro-formol sections, then, 
there is no reason for surprise at the exceptional and merely local 
success of silver impregnation of the web which probably exists 
around each C3dinder. Even when the web is impregnated, it docs 
not seem to be a net with empty meshes; the meshes seem to be 
occupied by a thin pellicle staining by the light green or by the 
aniline blue. 


Relations of the Elementary Cylinder to the 
Interstitml Tissue 

This sheath is remarkably adherent to the cylinder. The inter- 
stitial edema never separates them but the edema shows that, 
through its longitudinal fibrils, the sheath is continuous with the 
other longitudinal argyrophil and collagenous fibrils. These latter 
fibrils are more voluminous, brush-like, anastomosing, and situated 
in the interstices between the cylinders just as the fibrils of the in- 
terstitial endoneurium are situated between the mcdullatcd fibers 
of a nerve (Fig. S). The analog)' between these fibrils and those of 
the endoneurium is completed by the prc.sence in their interstices 
of a few branching cells with filiform processes and spongy cyto- 
plasm. These cells arc absolutely naked; they have no collagenous 
or reticular sheath. A fev/ arg>'rophil fibers run alongside of them 
but there is lacking that intimate relation which binds cylinder and 
sheath. This is true not onK' of the simple c^'lindcrs just described 
but also of the others. It is unnccessar\' to repeat the description. 


T^fopj; Complex Cylinders 

The caliber of these cjdinders is still more variable than of thorC 
just described. Ijcing from 3 to 10 microns at the ends and from 7 to 
50 or 60 miemris .at the nucleus. 

(A) Trichrorne Bh.ic: (Figs, i and 2). The cytoplaarn Isas tise 
features a?, in the simple cylinflers. 'ihe nsjcici arc oftni 
fa' ’ a red longjiudirsally or split into tv.'o or three. They may rtmsdfs 
in the saitsr traroverse plane (Mgs. e and 3, broad cylinder;) or thay 
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is a long oval, often irregular, broader at one end than the other. 
Often it is fissured. Its scanty chromatin is arranged in a delicate 
marginal net. In the nuclear juice there are always one or more 
perfectly round and basophilic nucleoli. The nucleolus may be 
turgid and hollowed out by a large colorless vesicle which distends it. 

The cylinder is never naked. It is always enclosed in a thin en- 
velope staining blue with this technique and moulded exactly on 
the cylinder. In this sheath there may be distinguished very fine 
fibrils of nearly circular course and others a little more voluminous 
of longitudinal direction. 

(JB) Van Gieson: Using the powerful acid fuchsin of the National 
Aniline Co., of New York, the longitudinal fibrils show very well 
but not the circular ones. In cross-sections the protoplasmic cylinder 
seems to be stippled in red (cross-sections of longitudinal fibrils), 
the dots being united by a thin orange line, 

(C) Laidlaw's Silver Technique Followed by Ponceau-Acid Fuchsin 
and Light Green: This gives important additional information 
(Fig. 3). The cytoplasm of the cylinder no longer has the homo- 
geneous appearance described after trichrome staining (probably 
the mordanting action of the potassium permanganate). Its color- 
ability by ponceau has partly disappeared. The only reds are the 
delicate lines which in cross-sections divide the cytoplasmic area 
into tiny polygonal territories and which in longitudinal sections 
trace a delicate striation. By changing the focus it is seen that the 
septa and the longitudinal markings are one and the same thing; 
they correspond to tubular septa which divide the initial cytoplasmic 
cylinder into many smaller cylinders incompletely separated from 
one another. At the ends of an elementary cylinder the partitioning 
is more or less perfect. In the nuclear swelling it is absent or im- 
perfect; if present it is along the margin only. 

In cross-sections the sheath enclosing the cylinder appears in 
general as a narrow green border dotted in black. Longitudinal 
sections show that the black dots correspond to cross-sections of the 
longitudinal fibrils just described as stained by aniline blue and 
picro-fuchsin. Exceptionally the silver impregnates a delicate web 
of reticulin (Fig. ii) visible in certain tangential sections, and it 
occupies exactly the place of the green sheath. 

The resemblance of this web to the Plenk-Laidlaw endoneurial 
sheath is striking. We may ask whether it exists only around those 
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cylinder there is no essential difference except the degree of tlieir 
complexity, and everything goes to show that this complexity is 
progressive — that it corresponds to evolutionary stages of the 
cydinders. 

To recapitulate, the cylinder undergoes longitudinal partitioning, 
carried out first of all by tubular cytoplasmic membranes; it is com- 
pleted first at a distance from the nuclei, finally reaching the nucle- 
ated zones. Later there occurs collagenization of these septa, then 
cleavage of the collagenous septa followed by their partial separa- 
tion. Between the newly formed cylinders some of the longitudinal 
argjTophil fibers are liberated, forming a delicate framework identi- 
cal in ever}' respect vith the neo-endoncurium of a bundle of regen- 
eration, whether innervated or not. This framework may be occu- 
pied secondarily by branching cells of cndoncurial t}'pe; but the 
framework is not made by them any more than the framework of 
the bundle of regeneration is made by the cndoncurial cells. It is 
the cylinder alone that determines the production of the framework. 

In brief, the evolution of the elementary cylinder of a neurinoma 
is not only similar to but identical vdth that of the Schwann cell 
when, deprived of its ncuritc, it becomes an ancuritic bundle of re- 
generation. The sole difference consists in this, that in the ncuri- 
nomatous cylinder the partitioning may be pushed further, dividing 
the cytoplasmic cylinder into a greater number of secondaiy' cylin- 
ders, especially at a distance from the nuclei. In this event, eacli 
cylinder is extremely thin (barely i micron) but it is still enclosed in 
its arg}'roj)liobc sheath of collagen containing arg}'rophil fibrils. 


Constitution of tut-. Bundi.ks 

Having become familiar with the structure and evolution of an 
elementar}' cylinder, it is easy to understand how the bundles arc 
construclrxi (Diagram i). If the nuclei, the product of amitotic: 
division. K'p.arate immediately from one another and range thorn- 
selves along the length of the cylinder, the result will be a simjile 
cylinder growing longer and longer. Between the widely separated 
liudei. the loiigiiudinal and incomplete partitioning of the cyto- 
p!:;-rn :i;nd collagenization of the septa will convert tlse priniitive 
cylinder into a linear, retiforrn syncytium similar to that cvhieh >'••• 
liro luced in three months at th.e espe,n«‘ of and in the plate of tie* 
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may separate, shift their position and range themselves in longi- 
tudinal rows (Fig. 4). Thus there is amitotic multiplication of the 
nuclei (in the many neurinomas studied, I have seen only one mi- 
tosis) with production of isogenic groups. When the group of nuclei 
remains in the same transverse plane, the cytoplasm of the cylinder 
broadens at this point; when the nuclei range themselves longi- 
tudinally, the cylinder elongates but remains narrow. 

In cross-sections it is seen that the blue coUagenous sheath stiU 
fits the cylinder closely, but it presents internal spur-like projections, 
simple at first, then branching, finally uniting with one another in 
a more or less continuous network. Here and there are points where 
blue septa appear in the heart of the cytoplasm with no apparent 
relation to those of the periphery, but soon making connections 
with them. Longitudinal sections show that these spurs are cross- 
sections of longitudinal septa and that the resulting network corre- 
sponds in reality to a cross-section of the longitudinal collagenous 
septa which cuts the cytoplasm of each primitive cylinder into 
smaller cylinders. They are tubular septa like those which enclose 
the primitive cylinder; but they are incomplete and spare the trans- 
verse connections of the initial cytoplasm. 

The partitioning is always much more advanced at a distance 
from the nuclei than beside them. It is always followed sooner or 
later by cleavage of the collagenous septa and consequent separa- 
tion into secondary cylinders. When the cleavage is precocious the 
cylinders are small; when it is late the primitive cylinders may 
acquire an enormous diameter before splitting (Fig. 3). It is con- 
ceivable that the predominance of small or of gigantic cylinders in 
such or such a neurinoma may give to these tiunors quite different 
aspects without there being any essential difference in their struc- 
ture. 

(B) Van Gieson: This stain colors the spurs pale pink, the longi- 
tudinal fibers bright red. 

(C) Silver -Ponceau-Light Green: This technique shows that the 
collagenous spurs and septa replace the cytoplasmic septa exactly 
(Fig. 3). Usually the longitudinal argyrophil fibers make their ap- 
pearance in the amorphous collagenous septa (I have never suc- 
ceeded in impregnating a web of circular fibers); less often they 
appear m the still cytoplasmic septa of the cylinders (Fig. 3 (ft)). 
It is obvious that between the simple cylinder and the complex 
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degenerated meduUated nerve fiber in the incised segment of a nerve 
in vhich regeneration has been prevented (see Part I). 

However, as we have already noted, even in the experimental 
aneuritic bundle, there is very pronounced broadening in the region 
wdiere its evolution is furthest advanced (the hernia). This broaden- 
ing is always characterized by the presence of several nuclei in the 
same transverse plane. Conversely the active elongation observed 
in the zone of invasion is always characterized by shifting of the 
isogenic nuclei along the fiber. The nuclei are never placed one be- 
hind the other in a straight line parallel with the axis of the cylinder. 
This is due to the fact that in an isogenic group each nucleus occu- 
pies a different sector of the cylinder. Wdien a nucleus, together 
with its cytoplasm, shifts along the lengthening cylinder, it remains 
for a time in the prolongation of the sector in which it first appeared; 
hence the irregular line of the shifted nuclei seen in longitudinal 
section. 

In the bundles of the neurinoma, the nuclei behave similarly. 
Sometimes they arc ranged in series along a cylinder (Fig. 4); some- 
times they remain in the same transverse plane or nearly so. Under 
these conditions, when the partitioning and the subsequent collag- 
enous cleavage reach the region occupied by an isogenic group of 
nuclei that have remained transverse, each nucleus becomes sepa- 
rated from its neighbor; but here, as in tlic internuclcar zone, the 
separation is never complete. i'VIways there persist transverse and 
sheathed cytoplasmic anastomoses which maintain the transverse 
s>-mplastic continuity of the nucleated enlargements here as cvery'- 
where else (Figs. 1, 2 and 3 (</)). Secondarily these transver.'^c 
anastomoses become slanting, due to unequal shifting of the nucle- 
ated enlargements, a shifting induced by unequal elongation of the 
bundles. From this time forward the anastomoses tend to nm in a 
longitudinal direction like the bundles themselves. 

Wc may sup|>osc that in each bundle the rctiform structure of 
three dimensions perjjctuatcs itself indefinitely, owing to the alter- 
nating hut capricious interplay of amitosis, followed sometimes hy 
rapjdi longitudinal shifting of the nuclei, sometimes by precocious 
partitioning of the isogenic groups of nuclei that have remained 
transYcr.-e. Precocious longitudinal .shifting of the nuclei and of their 
cytoplasm lenglherui th.e cylinders aru! the bundles; precocious par- 




Diagram i 

Neurinoma. Evolution of a simple cylinder; its transformation into a bundle. 
(4 to 7) The bundle in process of formation is dissociated by the edema. 

(8) Aspect of bundle (7) not dissociated by edema. 

(3c), (4c), (5c)) (6c) and (8c) Represent cross-sections of the bundles bearing the 
same numbers. 
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tumor tissue before them and compress it. These palisaded nodules 
may be so voluminous or so numerous and confluent tliat they them- 
selves constitute almost the entire tumor, the bundles being reduced 
to the position of occasional elements. The palisaded nodules differ 
from the bundles not only by their general aspect but also by their 
more rapid and independent growth. 

Personal Obscroalwns: Francini showed long ago that in their 
structure the palisades do not differ essentially from the bundles. 
The teclmiques employed by me confirm this view. 

RuDiitENTS or Palisades 

On examining certain cylinders of bundles that are distinctly 
polarized but which have been dissociated by edema, there is often 
seen between two consecutive nuclei a transverse blue band that is 
striated longitudinally. This band consists of the many collagen 
sheaths that surround each of the tiny cytoplasmic cylinders result- 
ing from very' advanced cleavage of the primitive cylinder. Here 
the collagen is more abundant because there are more sheaths in 
close contiguity (Figs. 4 and 8). In bundles that are not so disso- 
ciated, several similar blue bands may be found on almost the same 
plane; by their juxtaposition they describe more or less straight 
palisades of collagen. 


ELE.\mNTAHY PaLISADE SYSTEMS 

(. 4 ) Trichromc Stain: Serial sections of a palisade system made 
at a right angle to the long axis of the nuclei and to the direction 
of the fibrils appear as follows: 

In sections pas.sing through a nuclear plane, the almost round 
nuclei arc set close together in a common cytoplasmic mass; the 
cytoplasm is partially divided by incomplete collagenous .septa. 
Aiany of the nuclei are fissured or they may fonn small groups 
(i^^ogenic groups) enclosed in the same cytojilasmic body. 

In sections jiassing through the ends of a nuclear plane (Fig. 9), 
a few nuclei are still seen but the collagenous septa separate them 
more completely than .it the level jimt described. Alongside of the 
nude:;te<i areas there arcMtthers free from nuclei, of the same caliber 
or smaller, i:i process of longitudinal cleaiMge. 
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titioning of the isogenic groups of nuclei multiples the cylinders and 
broadens the bundles. 

In conclusion, from all points of view the elementary structure 
and the evolution of the fasciculated cylinders of neurinoma are 
similar to those of the schwannian bands in a nerve that has been 
sectioned but not innervated. In both situations the endoneurial 
cells are present during the changes in the bands and in the cylinders; 
but they themselves do not undergo any changes. The fundamental 
element of neurinoma therefore is the schwannian syncytium and 
not the endoneurial cell. 

n. THE PALISADES 

Classic Data: As observed in routine stains, the palisades consist 
of oval nuclei aligned in the same transverse plane "like staves of a 
barrel” (Verocay). On each side of this nuclear palisade, or on one 
side only, there is a fibrillar band parallel to it. The fibrils are 
oriented like the nuclei, running perpendicular to the nuclear band. 
With Van Gieson’s solution they stain yellow or pink, sometimes 
red. With the silver method they impregnate like reticulin. When 
the sections happen to show the full length of the fibrils, it is seen 
that the fibrillar band is reaUy stretched between two parallel 
nuclear palisades. It seems to unite them, forming a fibrillar pali- 
sade between two nuclear palisades. 

Thus a "palisade system” is formed by two nuclear palisades 
parallel with each other and an intervening fibrillar palisade. Such 
simple palisade systems are frequent in neurinomas, but still more 
frequently the palisades present a more complex structure. Instead 
of being straight they may curve in more or less intricate ways. 
Several systems of palisades may be superposed to form an alternat- 
ing series of nuclear and fibrillar bands parallel with one another; 
or the superposed nuclear palisades may appear in the sections as 
broken lines, sawteeth, anastomosing at their angles. In this way 
the nuclear bands describe a sort of net with lozenge-shaped meshes, 
the spaces being filled by the fibrillar palisades. 

At some point these palisade systems are always attached to the 
bundles or to their reticulated, degenerated forms as seen in Type B. 
Vdien complex, the palisade systems may attain considerable size, 
forming clearly circumscribed nodules which push the surrounding 
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In this description I trust that I have shown tliat in neurinomas 
the palisades have the same essential structural features as the 
polarized bundles. Therefore if the structural identity of the polar- 
ized bundle with the aneuritic schwannian bundle of regeneration 
leads us to consider the polarized bundles as of schwannian and not 
of connective tissue origin, w'c have every reason to believe that the 
palisade systems are schwannian also. 


The ScmvANNiAN Palisades are Pathognomonic of 

Scin\'ANNOXL\S 

Since the time of Francini, Verocay and Antoni, palisading has 
been accepted as pathognomonic of neurinomas. The partisans of 
the mesodermal hypothesis of these tumors oppose to this idea: 
(i) the palisade arrangement of the muscle fibers of the obliterated 
appendix first obser\*ed by Oberndorfer; (2) similar fibers in the 
stomach and intestine; (3) the palisades that are indisputably seen 
in certain leiomyomas; (4) and here I shall make every reserva- 
tion,* in certain fibromas and spindle-cell sarcomas. 

Let us say at once that the palisades which correspond either to 
a “state of repose” (appendix) or to a state of contraction (stomach 
and intestine) of the muscle fibers, or to “rhythmic disposition of 
the muscle colls” (Lauche, Krumbein), have none of the specific 
structural features of the schwannian palisades as I have just de- 
scribed them. There is lacking the ensheathing of the anastomotic 
prolongations stretched between two nucleated palisades by homo- 
geneous collagenous sheaths containing arg>Tophil fibrils. It is con- 
ccdcrl that neurinomas arc not the only tumors jxisscssing palisades; 
but to be pathognomonic of neurinoma the elements of the palisade 
mu.st have the specific stnicturc of the schwannian elements, 
Xestmann has expressed the same idea in another fonn. 


SlCNirrCANCE of the PaLLSADES in SCIIWANNOJIAS 

W't' must now put to ourselves the question — what h the signifi- 
cance of these schv/nnnian p.alisade.s? There is one consideration 
which dominates the problem first of all: certain neurinomas have 
no pediradw;. XT-vertheless, in all of them the fKilarized buiuiles 
have the fame structure. 
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In sections passing through a fibrillar plane, if the palisade is 
compact it appears to be formed of many pink dots in an undivided 
blue mass. Obviously each pink dot corresponds to the cross- 
section of a slender protoplasmic prolongation from the nucleated 
areas. Among them are found oblique sections also. 

Following the series of sections, the same aspects appear in re- 
verse order. The pink dots, representing the cytoplasmic prolonga- 
tions, diminish in number, grow larger; then the nuclei embedded in 
their incompletely partitioned cytoplasm reappear. 

When edema infiltrates a fibrillary palisade, it isolates each cellu- 
lar prolongation from its neighbors and shows not only that each 
prolongation is provided with its own tubular sheath but also that 
each sheath is split off, separated from its neighbors and individual- 
ized. Between these collagenous tubes there are a variable munber 
of collagen fibers running in the same direction (Fig. 10) . 

Thus each nuclear palisade is connected with its neighbor by a 
series of protoplasmic prolongations sheathed with collagen. Most 
of them connect the nucleated territory of one palisade mth an- 
other exactlyopposite to it in another palisade. Others run obliquely, 
uniting two adjoining prolongations or two nuclei not situated 
opposite each other. Obviously in the heart of the palisade system, 
there is a repetition of the retiform arrangement of three dimensions 
that we have described in the bundles. Examination of longitudinal 
sections confirms this view precisely (Figs. 5 and 6). 

{B) Laidlaw -Ponceau -Acid Fuchsin- Light Green Stain: This 
technique reveals here too the presence of fibrils either embedded 
in the septa and sheaths or free in their interstices (Fig. 7). Scanty 
in the incomplete septa of the nucleated palisades, they expand 
abruptly in a sort of brush at the margin of the nucleated pahsade; 
here they are distributed among the sheaths which enclose each 
cellular prolongation, from three to five fibrils to each sheath. 
These fibrils come together again close to the next nucleated pali- 
sade, but their point of reassembhng is seldom opposite their point 
of departure (Figs. 7 and ig). 

Thus the palisades offer three colors: pink dots (cross-sections) 
or pink lines (longitudinal sections) connecting the C3ff;oplasms of 
two nucleated palisades, argyxophil dots or spindles, and in the 
interstices of these linear structures a diffuse green, corresponding 
to the ensemble of collagenous sheaths which surround each cyto- 
plasmic prolongation. 
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The production of palisades has been explained as a sort of acci- 
dent (Francini). Instead of dividing transversely and aligning 
themselves behind one another along the length of the fiber, the 
nuclei are assumed to divide longitudinally and take their position 
in a plane perpendicular to the axis of the original cylinder. Thus, 
it is said, the nucleated palisade is constituted. 

Fortuitous Palisades: In this conception there is both truth and 
error. There are palisades which are produced by this simple 
mechanism. I shall call them rudimentary or fortuitous palisades. 
In my opinion, the nuclei always divide longitudinally. If second- 
arily they move lengthwise along the cylinder, the cylinder elongates. 
If the dividing nuclei remain in the same transverse plane, the 
cylinder broadens witliout elongating. A simple palisade system is 
formed when two such nucleated planes arise near each other along 
the same cydinder. The cydindcr does not elongate, but the longi- 
tudinal cleavage persisting in the middle of the intcrnuclear cyto- 
plasm and the subsequent appearance of the collagenous sheaths, 
completes a simple ncurinomatous palisade. 

In these rudimentary forms the nucleated and collagenous pali- 
sades have the general form of the cylinders. In fact, they arc seg- 
ments of cydinders comprising two nucleated palisaded discs sepa- 
rated by' a disc consisting of their prolongations ensheathed in 
amorphous and fibrillar collagen. These fortuitous palisades usually 
remain small; the cydinder containing them is scarcely', or not at all 
broadened. 

The palisades produced by this simple and fortuitous mechanism 
are to be found in almost all neurinomas.* I mention them c.spe- 
cialK' in order to distingui.sh them clearly' from the palisaded nodules 
which seem to me to be of much greater theoretical intercsl . 

Palisaded Nodules: If all of the palisades in neurinomas were due 
to this simple and fortuitous mechanism, they' too should have a 
cylindrical fomn Whatever their dimensions, they' should consi.st 
of a.llernate nucleated and collagenous discs, all the broader in pro* 
fK>rlinn as their growth is prolonged. However, this discoid .struc- 
ture, real as it appear.s to he in comj)acl and voluminous palisaded 
nodule^-, is an illusion soon dis.sipatcd by their examination in serial 
rretions, (- pedally when an edema occurs to dissociate the various 
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Neurinoma. Histogenesis of a palisaded nodule. 

(1) Simple cylinder. 

(2) Elongated and broadened cylinder; its nuclei marginal. Transverse septa are 
appearing (c/. Fig. 13), 

(3) Continuation of the broadening, elongation and transverse partitioning. In 
this stage the meissnerian structure is typical (c/. Figs. 14, 15, 16). Between the margi- 
nal nuclei the striation of the collagenous palisades becomes accentuated. 

(2c), (3c) and (4c) represent cross-sections of (2), (3) and (4). 

(4) Appearance of new nucleated and collagenous palisades and production of a 
complex palisaded nodule (c/. Figs. 17 and 18). 

(5) Supporting (schwannian) apparatus of a normal Wagner-Meissner corpuscle. 
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the cjdinder thus transformed constitutes a simple palisade system; 
but at the same time it has exactly the structure of an aneuritic 
Wagner-Meissner tactile corpuscle, such as I have described in pig- 
mented moles, but a corpuscle that is prodigiously long and usually 
curved (Figs. 14, 15, 16). 

There is one structural characteristic that distinguishes these 
aneuritic tactile corpuscles from normal ones. Having arisen from 
a member of a retiform system and being continuous with their 
fellows both longitudinally and crosswise, the corpuscles have pre- 
ser\’-ed tlieir initial anastomoses with neighboring cylinders, both 
at their ends and along their sides.* Like the tactile corpuscles of 
pigmented moles, they are situated in the course of the retiform 
cylinders, not at the end of simple ner\’e fibers like normal tactile 
corpuscles. 

Figures 14, 15 and 16, taken from a neurinoma of the shoulder, 
which I ow'c to the kindness of Professor J. McFarland of Phila- 
delphia, show how t>'pical these Wagner-Meissner corpuscles may 
be. The tactile corpuscles rarely remain in this t>7)ical stage of their 
evolution. As a rule they increase in bulk and grow' more complex. 
I'lic marginal nuclei become superposed transversely (Fig. 17). 
Between them there appear new anastomotic prolongations en- 
shcathed in collagen. In this w'ay the complex palisaded nodule is 
constructed (Fig. 18 and Diagram 2, No. 4). 


Discussion of Section II 


From this point of view the palisaded nodules lose the accidental 
character conferred on them in the classic conceptions. They be- 
come organoid formations resulting from a special evolution of the 
fasciculated cylinders. It is well knowm that this evolution is not 
prc'sented by all neurinomas, Elsew'hcre I .shall revert to the fre- 
quence' and the inconstancj' of the difrerentiation of tactile cor- 
puscles in tumors of the peripheral nerves, both encapsulated and 
ditTusc. I have already called attention to the almost constant 
prct'ence of these tactile corjnisclcs in pigmented moles and I have 
d.tmonsiratcd thereby that these tumors spring from the tactile 
nerv't'S of the. derma. The tactile cor]>ascle.s of [Hfjmenled moles are 
ticrived from Schvv.mn cells; they are .selflom innervatetl. 
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elements. The illusion is dissipated also by study of the histogenesis 
of the palisaded nodules. 

On examining a palisaded nodule that has been dissociated by 
edema, it will be seen that each collagenous palisade does not really 
have the form of a disc included between two nucleated discs, but 
rather that of a long, sinuous cylinder, more or less flattened and 
branched, the branches anastomosing laterally with one another. 
Between these cylinders and applied to their surface there are 
branching cells, anastomosing, sheathed in blue, filling the inter- 
stices. The palisaded arrangement of the nuclei has disappeared. 

The cylinders themselves are striated transversely by argyrophil 
fibers and by the ensheathed anastomotic prolongations of the cells 
which surround them. This cylinder and the cells which surround 
it form a structure exactly like the supporting apparatus of Wagner- 
Meissner tactile corpuscles, as their histogenesis shows. 

Palisaded Meissnerian Nodules 

In my edematous schwannoma of the palate, certain fortunate 
sections furnished images like those of Fig. 13. Locally a cylinder 
has elongated greatly and at the same time broadened. For simple 
mechanical reasons it has become curved. Its nuclei, instead of 
elongating lengthwise of the fiber, have elongated crosswise; they 
have aligned themselves along the sheath but their axes are per- 
pendicular to it. The partitioning, at first cytoplasmic, secondarily 
collagenous, instead of forming longitudinally has formed crosswise, 
incomplete here as always, leaving the continuity of the syncytium 
intact. 

The nuclei multiply, remaining marginal. The cylinder broadens 
and now the collagenous septa multiply also. They are no longer 
longitudinal, but transverse in relation to the cylinder. They divide 
the nucleated territories incompletely, ensheathing the prolonga- 
tions which connect these nucleated territories from one side of the 
cylinder to the other. Here, as in the bundles, collagenization is 
more precocious aroimd the cytoplasmic anastomoses than aroimd 
the nuclei. Consequently at this stage the axis of the cylinder is 
surrounded by a series of marginal nuclei, but the axis itself is occu- 
pied by multiple anastomoses ensheathed in coUagen uniting the 
nuclei transversely or, better, diametrically. 

At this stage, when examined in a longitudinal and axial section, 
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(a) In growing, the bundles and the palisades become richer in 
coUagen. Not only do the collagenous sheaths and fibrils multipl}’’ 
as new C3dinders arise from the old ones, but also the cleavage which 
converts a cjdinder into a bundle liberates a certain number of fibrils 
W’hich were formerly included in the collagen sheath (homologue of 
the Plenk-Laidlaw’ sheath). These fibrils, having become inter- 
stitial, are the homologues of those which constitute the inter- 
stitial endoneuriiun of the bands of aneuritic regeneration. As de- 
scribed in Part I, this endoneurium is determined by the Schwann 
cells and not by tlie endoneurial cells w'hich, when they e.xist, limit 
themselves to occupjing the endoneurium secondarily. 

(b) In areas w’here the tumor cjdinders and the palisades cease to 
grow, some of the cells degenerate and disappear. The products of 
degeneration arc often incorporated b^' macrophages which become 
filled with lipoid vacuoles like xanthoma cells and usually gather 
around the vessels. The origin of these macrophages is undeter- 
mined ; they may be cither endoneurial cells become phagocj'tic or 
histiocjdes. 

When the tumor cells disappear, the collagen fibrils wluch for- 
merly surrounded them remain; thejxomc closer together and slowlj' 
lose their arg\Tophilia as their colorability by picro-fuchsin and 
aniline blue increases. There seems to be no increase in their num- 
ber but .simph' a change in their tinctorial affinities. That which 
proves their schwannian origin is the fact that for a long time the 
architecture of the bundles and of the palisades can be recognised 
when even*^ cell has disappeared from their interstices (Figs. 19 
and 3o). The collagen fibrils come together, not because they have 
multijjlicd, but because the schwannian bands which formerly sepa- 
rated them no longer c.';ist. In the interstices of flu’s collagen frame- 
work, become more dense b\’ the disappearance of the Schwann cells, 
there is often no cell whatever, endoneurial or any other kind. 


Myxoid MtiTAMOiautosis 

This state of flegcneration is the one de.'cribed by Antoni as 
n, the reticular type. It may be only partial, or it may .affect 
th.e entire tumor. In e.xlrerne ccxamples the neurinoma bt:comC‘» 
cystic. 

.*i^ for the io-ncsis of 'ryjte H, I can only confirm Antoni’s explana- 
tion, jehificatior: and sv. riling of the oallagenom. fibril;* and f heaths 
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What is logical for pigmented moles, is it not logical also for the 
encapsulated tumors of the nerves? May we not assume that those 
neurinomas in which the cylinders give rise to palisaded Meissnerian 
nodules have different organogenic properties from those neurinomas 
which do not produce palisades? In other words, is it not the tactile 
nerves that produce palisaded neurinomas? And are not non- 
pahsaded neurinomas the product of non-tactile nerves, possibly 
motor nerves? 

I know well that embryology, which has demonstrated the com- 
mon origin of the entire schwannian system from the neural crest, 
does not yet authorize such an hj^jothesis; but the schwannomas 
in their two grand varieties confront us and demand an explanation. 
In default of two kinds of peripheral neuroglia, may we not suppose 
that the sensory and the motor neurites respectively, when they 
invade the initial cells of schwannomas before the beginning of their 
autonomous proliferation, in some way impregnate these cells, con- 
ferring on them and on their tumor-forming descendants specific 
organogenic properties? This is but another hypothesis, the experi- 
mental proof of which seems a priori unobtainable because labora- 
tory animals, apart from the higher primates, possess no Wagner- 
Meissner corpuscles. 

The Vessels 

The vessels of neurinomas are capillaries. The vessel wall con- 
sists of endothelium resting on a thin collagenous sheath continuous 
with the coUagen of the tiunor. Often there are a few histiocytes in 
contact with this sheath. The intervals between the vessels are 
occupied by the compact tumor tissue already described in which 
the mesodermal (?) element is represented by the only cells of en- 
doneurial type. I may remind the reader that these cells have not 
produced the collagen fibrils of the tumor; the collagen fibrils have 
been determined by the schwannian syncytium. 

III. DEGENERATED FORMS 
Sclerosis of Schwannomas 

This much discussed sclerosis, which partisans of the schwannian 
hypothesis believe to represent connective tissue invasion of the 
schwannian tissue, has in reality quite other significance. It is the 
product of two successive and opposing processes, growth and decay. 
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which I have given in the beginning of this paper. However, almost 
always the diagnosis of schwannoma may be made from the 
presence of typical cylinders which remain here and there, particu- 
larly around the vessels. 

The Fibihls that Stain Blue in Phosphotungstic 
Acm Hematoxylin 

In neurinomas, Mallory’s phosphotungstic acid hematoxylin 
often stains some fibrils blue, usually very few. The American 
school offers this as an argument for the connective tissue origin of 
neurinoma. For them, these are fibroglia fibrils and as such they 
are assumed to be characteristic products of fibroblasts. However, 
it should not be forgotten that the very name given by Mallory to 
these fibrils, which are seen in connective tissue and especially in 
young connective tissue, is derived from their staining with this re- 
agent exactly like the fibrils of central neuroglia. Nageotte has shown 
that the gigantic bands of experimental schwannomas contain 
fibrils colorable by Benda’s method for neuroglia. For my part, in 
the same material I have seen fibrils, doubtless the same, stain blue 
with phosphotungstic acid hematoxylin. These fibrils belong to the 
Schwann cells and not to fibroblasts. At any rate, as far as this 
staining reaction goes, the fibrils found in neurinomas that stain 
blue with phosphotungstic acid hematoxylin might be neuroglia 
fibrils just as well as fibroglia. This reaction cannot serve as an 
argument either for or against the mesodermal or ectodermal origin 
of a tumor. 

Summary and Conclusions 

The aim of this paper is to demonstrate that the fundamental 
element of encapsulated neurinomas is structurally identical with 
the syncytium of Schwann when that syncytium is undergoing 
autonomous proliferation, a proliferation that has been released by 
the disappearance of the neurites which normally inhabit it, , 

The schwannian elements of a neurinoma proliferate within the 
endoneurium, bounded by the old perineurium, now become the 
capsule, and not in the extraneural connective tissue. This prolifera- 
tion within the endoneurium explains why the bundles and their 
palisades are as free from individual lamellar sheaths (perineuria) 
as are the aneuritic bundles resulting from transformation of de- 
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of the cylinders and of the palisades. The sheaths disappear first, 
the fibrils next, commencing with the finest ones (Figs. 21, 24, 25); 
the collagenous palisades are affected last. The effect of this jelli- 
fication is to separate the tumor cells without breaking their anasto- 
moses; from this point of view it has the same effect as the i per 
cent solution of nitric acid used by Nageotte in the study of de- 
generated nerves. As in the acid, the jellification swells the endo- 
neurial collagen and reveals the continuity of the schwannian 
syncytium in three dimensions. It has another and unexpected 
result. Deprived of their sheaths, which have become jellified, 
denuded and accompanied by a few coUagen fibrils, the Schwann 
cells resemble and are mistaken for connective tissue cells, or for 
endoneurial cells. Nevertheless there can be no possible doubt of 
their origin: study of the bundles or of the palisades in process of 
jellification shows that it is really the cells of the cylinders and of the 
palisades that undergo this metamorphosis. 

This myxoid transformation is always accompanied by profound 
changes in the blood vessels. The most constant lesion is hyahniza- 
tion of the connective tissue coat proper of each capillary, a hya- 
linization which surrounds the endothelium \vith a sheath that may 
be very thick and may constrict or obliterate the lumen of the vessel 
(Fig. 25). To this hyalinization is often added local multiplication 
of the capillaries, forming here and there tiny glomeruli with hyaline 
walls very Hke those observed in many central gliomas. 

It is probable that the myxoid transformation of neurinomas re- 
sults from unfavorable circulatory conditions connected with this 
hyalinization of the vessels. It begins at a distance from the vessels, 
the tumor tissue in contact with the vessel still preserving its com- 
pact structure; but it ends by involving the tissue around the capil- 
laries. It may be followed by atrophy and disappearance of the 
cells, in place of which there remains nothing but a fluid holding in 
suspension some fibrillar debris. The usual corollary to this cellular 
disappearance is the presence of lipoid macrophages around the 
vessels. 

In certain instances this jellification of the sheaths is not accom- 
panied by cellular atrophy; proliferation continues. It is obvious 
that it is not in tumors of this kind or in the areas presenting 
Antoni’s Type B that one should seek to verify the description of 
the schwannian cj^linders enclosed in their collagenous sheaths, 
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vitalistic sopiiism based on artifacts. However, if this hypothesis 
should ever have any basis in fact, it should be found in regenerating 
nerves and in schwannomas; for what is the membrane of Schwann, 
the delicate cuticle which borders the schwannian cytoplasm and 
which coUagenizes secondarily, if not an exoplasm which has at 
least the merit of existing ? 

In reality, the collagenous framework of the bundles of regenera- 
tion and of schwannomas is not secreted, neither is it produced, 
either by mesodermal cells or by Schwann cells. It is determined by 
the Schwann cells just as basement membranes are determined by 
epithelium. In the light of these facts, it is probable that the classic 
conceptions of the mesodermal origin of the endoneurium should be 
revised. 

I have once more to thank my friend, Dr. George F. Laidlaw, for 
the scrupulous accuracy of his translation and for his tireless in- 
dustry in presenting my ideas to the Enghsh-reading medical public. 
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generated fibers in the incised segment of a nerve (Experiment I) 
and in nerve grafts (Experiment II). 

The palisaded nodules are no developmental accidents. They are 
organoid productions. Their histogenesis and structure are com- 
parable to those of the schwannian supporting apparatus of the 
Wagner-Meissner tactile corpuscles. 

Since the palisaded nodules are not found in all neurinomas, may 
we not ask if their presence or absence is not related to two different 
organogenic properties of the Schwann cells? Despite the single 
origin of the Schwann cells as they leave the neural crest, may there 
not evolve two peripheral neuroglias, a sensory and a motor neuro- 
glia? 

In the experimental schwannomas of the rabbit as well as in the 
spontaneous schwannomas of man, the collagenous framework of 
the schwannian bundles is determined by the schwannian syncytium 
and not by the endoneurial cells. The endoneurial cells occupy the 
framework secondarily. 

In schwannomas the sole collagen of mesodermal origin is that of 
the vessel walls. All the rest of the collagen is determined by the 
neurectodermic syncytium. 

The sclerosis of schwannomas does not result from their invasion 
by connective tissue but from condensation of the framework when 
deserted by the Schwann cells, and also at times by aU cells. 

For these many reasons, at the beginning of this paper I have in- 
sisted that neurinomas contain mesoderm only on the same terms 
as do central gliomas, no more and no less. I have no illusions of 
the fate in store for a doctrine so tainted with heresy. The univer- 
sally held dogma that collagen is the direct and specific product of 
connective tissue cells, mesodermal by definition, will long confront 
me. Nevertheless this dogma is indefensible. 

No cell, not even the fibroblast, produces collagen. As demon- 
strated by Nageotte, the fibroblast determines the coagulation of 
collagen in its vicinity but does not secrete it. Doubtless the cell 
operates by means of a ferment which coagulates an albuminoid of 
the interstitial substance to form collagen, just as a thrombocyte 
acts on the fibrinogen of the blood plasma by a ferment which 
coagulates it in the form of fibrin. 

As far as it concerns the collagen of connective tissue, the exo- 
plasm hypothesis maintained by Studnicka and by Laguesse is a 
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green and black collagen appears in the heart of the schwannian syncytium. 
At no point in the preparation or in serial sections of the same bundle is 
there a single endoneurial cell to be found. All of this collagen therefore is 
determined by the syncytium of Schwann alone. 

On the right and below are three small schwannian cylinders of the same 
preparation highly magnified (x 1800). Partitioning is more advanced in 
the non-nucleated region. On the right there is substitution of collagen 
(green) for the red cytoplasmic septa. The argyrophil fibrils are embedded 
in the green collagen sheath. 

Fig, 4. Schwannoma of the palate. Edematous region. Trichrome stain. 

Schwannian cylinders growing longitudinally {cf. Experimental Schwan- 
nomas, Part I, Fig. s). Retiform arrangement. The cylinders show dis- 
tinct striation, especially between the nucleated regions, all the more pro- 
nounced since each red striation (protoplasmic prolongation) is ensheathed 
in blue (a) (rudiments of palisades). The nuclei are dividing by amitosis 
into isogenic groups (b), which break up rapidly as the nuclei range them- 
selves in rows along the fiber. Around the cylinders in the edematous tissue 
there are several inflammatory cells. 

Fig. 5. Schwaimoma of the palate. Edematous region. Trichrome stain. 

Palisade system. The nuclei are arranged in three planes, (pi i), (pi 2), 
and (pi 3), (nucleated palisades). The cytoplasmic bodies of each plane 
are connected with those of neighboring planes by slender anastomotic 
prolongations ensheathed in collagen. They are retiform, all elongated in 
the same direction and grouped in small bundles. The ensemble of these 
collagenous sheaths (see their real structure in Fig. 6) constitutes the 
classic fibrillar and collagenous palisades which separate the nucleated 
palisades. 

(a) Mononuclear cytoplasmic body. 

(b) Amitotic division of a nucleus and formation of an isogenic group. 

(b') Isogenic group; the uppermost cell begins to separate from the 
others. 

(c) Ensheathed anastomotic prolongations. 

(c') Cross-section of bundles of cytoplasmic prolongations uniting two 
isogenic groups belonging to plane i (pi i) but situated below and above 
the section. These groups of nuclei, now separated, had a common origin 
in the same primitive isogenic group. 

(b”) A cell of group {b') shifts longitudinally and parts from its fellows 
in order to occupy another plane, where it may become the point of de- 
parture of another nucleated palisade situated between (pi i) and (pi 2). 

Fig. 6. Schwannoma of the palate. Non-edematous region. Trichrome stain. 

Palisaded nodule growing both longitudinally and transversely. On 
both sides of the center of the figure, palisaded systems superposed and 
cut in various planes; (Q longitudinal; (/) transverse; (0) oblique. In each 
nucleated palisade the nuclei are ranged not only crosswise (staves of a 
barrel) but also lengthwise; this indicates lengthening of the cell which con- 
tains them. The lengthening of the cell makes preparation for the appear- 
ance of new collagenous palisades in the present nucleated palisades. 
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DESCRIPTION OF PLATES 
Plate 67 

Figs, i and 2. Schwannoma of the palate. Edematous region. Trichrome 
stain. 

Isolated bundle of schwannian cylinders, most of them cut across. All 
of them are enclosed in a continuous collagen sheath (blue) intimately 
adherent to their cytoplasm. Their caliber varies greatly. The broadest 
cylinders present either one nucleus {a) or several nuclei in an isogenic 
group Q}). Almost all of the cylinders present collagenous septa, either 
rudimentary in the form of spurs projecting inward from the sheath or in 
the form of lines in the middle of the cylinder. This partitioning is finished 
early around the cellular prolongations (c) ; it proceeds more slowly around 
the isogenic nuclear groups ib). Partitioning is followed by cleavage of the 
collagenous septa (e). The cleavage converts the primitive cylinder into a 
bundle (d). (f) Endoneurial cells, (g) Simple cylinders. 

Fig. 3. Schwannoma of the palate. Non-edematous region. Silver impreg- 
nation of the reticulin (Laidlaw) followed by staining with the ponceau- 
acid fuchsin mixture, phosphomolybdic acid and acetic light green. 

In this very thin section (2 microns) the cytoplasms seem to be vacu- 
olated. In reality they are almost colorless. The red lines cutting the 
cylinders are the cytoplasmic septa which little by little turn into collagen; 
in this way the solid cylinder is cut up into a bundle as in Figs, i and 2. 
The sheaths and the collagenous septa instead of being blue seem to be 
formed of two substances, the one amorphous, colored green, the other 
fibrillar and argyrophil. The argyrophil fibrils seem to be embedded in the 
green substance. 

The letters (a), (b), (c), (d) and (e) have the same significance as in 
Figs. I and 2. At (g) note two giant bundles with groups of isogenic nuclei. 
The bundles are in process of partitioning but not yet split apart. The 
























Plate 68 


Fig, 8. Schwannoma of the palate; very edematous region. Trichrome stain. 

On the left a cross-section of a group of bundles. The nucleated terri- 
tories are separated incompletely by collagenous septa. The partitioning 
is more complete in the bundles that are cut across between the groups of 
nuclei (rudiments of palisades). On the right a group of bundles cut a little 
obliquely. In the center of the group, young cylinders are completely split 
and separated from one another. Below bundles in process of elongation 
cut lengthwise. In the interstitial edema are several isolated cells without 
sheaths; these are endoneurial cells. 

Fig. 9. Schwannoma of the palate; slightly edematous region. Trichrome 
stain. 

Slightly oblique section of a complex palisaded group in lozenge form. 
Above, the section passes through the nuclei, which are incompletely sepa- 
rated by collagenous partitions. Upper center, the border of a collagenous 
palisade similar to the one in the center. 

In the center is a “collagenous” palisade constituted in reality by col- 
lagenous tubes containing cellular prolongations. In the center of the 
figure the tubes are cut across; they connect two nuclear planes, one above 
and the other below the level of the section. In the lower part they are 
oblique, connecting nucleated planes above and below the level of the 
section. 

Fig. 10. Schwannoma of the palate; very edematous region. Trichrome stain. 
X 1500. 

Cross-section of a sclerosed palisade. The cellular prolongations en- 
sheathed in collagen are recognized as tiny black circles. Some of them are 
free; most of them are united in small bimdles. The collagen fibrils appear 
as lines or dots. On the left these fibrils seem to be embedded in the tubular 
sheaths of the cellular prolongations. 

Fig. II. Schwarmoma of the palate; non-edematous region. Laidlaw silver- 
ponceau-light green. 

Longitudinal section of a bundle. The cylinder in the center presents a 
slight shrinkage on each side of which the nuclei are spaced lengthwise. At 
the point of shrinkage the collagenous sheath is visible in front view. Note 
the web of criss-cross argyrophil fibrils which constitutes it. In the meshes 
a gray tint (green in the section) represents the pellicular collagenous mem- 
brane in which the fibrillar net is embedded. 
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In the center of the figure the elongation exists almost alone and con- 
stitutes a typical straight bundle in the heart of the palisaded nodule. Just 
as the pah'sades take their origin from the bundles, so the bundles may 
spring from the palisades. 

Fig. 7. Schwannoma of the cervical region. Beginning of atrophy. Laidlaw 
silver-ponceau-acid fuchsin-Iight green. 

Palisade of irregular type, lozenge-shaped, cut perpendicularly to the 
general direction of the plane of the palisades. The line of section is that 
of line h-p on the tracing of Fig. 6. 

(a) Palisaded nuclei embedded in cytoplasm. The cytoplasmic terri- 
tories are separated by incomplete collagenous septa which respect the 
transverse anastomoses. A certain number of cells have disappeared, 
leaving their collagenous niches vacant (o'). 

(b) "Collagen fibers” directly connecting two nucleated pah'sades 
situated above and below the section. These fibers have been cut across. 
Each fiber is complex and contains an axial red dot, the cross-section of a 
minute protoplasmic cylinder, ensheathed in green. In the green sheath 
are seen black dots which correspond to cross-sections of reticuhn fibrils. 
These so-called “collagen fibers” then are really minute prolongations of 
the cells belonging to and connecting the two superposed nucleated pahsades, 
each prolongation heing sheathed both with amorphous collagen and with 
reticulin. 

(c) Other obhque and branching prolongations establish lateral anasto- 
moses between nucleated palisades and between their prolongations. 

(d) These black spots correspond to bundles of collagen fibers; their 
brush-like ramifications furnish the argyrophil fibrils visible at (a) (see 
Fig, 19). 



Plate 69 

Fig. 12. Pulp of index finger. Normal Wagner-Meissner corpuscle. 

Fig. 13. Schwannoma of the palate. Beginning of the evolution of palisades. 
Long, curved and broadened cjdinder. The nuclei are marginal and ori- 
ented perpendicular^ to the sheath. Between them appear collagenous 
septa, no longer longitudinal but transverse. 

Figs. 14 and 15. Typical meissnerian evolution. 
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Plate 70 

Fig. 16. Broadened meissnerian corpuscle. The collagenous palisading be- 
comes more pronounced. 

Fig. 17. Intermediate form between a meissnerian corpuscle and a typical 
palisaded nodule. Beginning of the formation of a secondary palisade. 

(Figs. 14, 15 and 17 ivere taken from the same preparation of a neurinoma of the 
shoulder which 1 owe to the kindness of Professor McFarland, of Phila- 
delphia.) 

Fig. 18. Schwannoma of the palate. Complex palisaded nodule. 
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Plate 71 

Fig. 19. Schwannoma of the palate. Laidlaw silver-ponceau-acid fuchsin- 
light green. 

Sclerosis of a palisade. Rarefaction of the tumor cells. Persistence of 
the collagen. The gray tint corresponds to collagen sheaths almost entirely 
deserted. The figure shows particularly clearly the arrangement of the 
argyrophil collagen in the palisaded systems. 

Fig. 20. Schwannoma of the cervical region. Trichrome stain. 

Total sclerosis; slightly edematous region. There are no more cells but 
only the collagenous framework of the neurinoma. Here all argyrophilia 
has disappeared. Nevertheless in the upper part of the figure we recognize 
the characteristic arrangement of the palisaded systems and below the 
arrangement of the bundles. 

Fig. 21. Schwannoma of the forearm. Trichrome stain. 

Beginning jellification of the collagen in a bundle. Beginning of Antoni’s 
Type B. The sheaths and the interstitial fibers have become indistinct. 
The cylinders are separated by an amorphous substance stained feebly by 
the aniline blue. 
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Plate 72 

Fig. 22. Schwannoma of the forearm. Trichrome stain. 

The same bundle. The region represented lies to the right of that seen in 
Fig. 21. The cells, while remaining anastomosed and fasciculated, are 
separated by the amorphous bluish substance. They no longer have a 
sheath. A few bluish, swollen fibrils are recognizable with difficulty. This 
is a perfect example of Antoni’s Type B. 

Fig. 23. The same tumor. Trichrome stain. 

Cross-section of a jellified bundle. The figure shows the anastomoses 
which connect the prolongations of the same cell with one another and also 
the anastomoses of the cell with its neighbors. At this stage the Schwann 
cells are distinguished with difficulty from endoneurial cells. The three- 
dimensional retiform structure of the schwannian syncytium is particularly 
clear. The silhouettes of the cells represented in these two figures recall 
strangely those of oligodendroglia. 
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Plate 73 

Fig. 24. Schwannoma of the forearm. Laidlaw silver-ponceau-add fuchsin- 
light green. 

On the left a cross-section of a compact bundle. The sheaths are a little 
thickened. Cross-sections of argyrophil fibrils are seen clearly as dots. On 
the right a jellified bundle. The cylinders no longer have sheaths. The 
argyrophil fibrils have become scanty. Cavities mark the places of the 
autolyzed cells. 

Fig. 25. Schwannoma of the forearm. . ' ^ 

Antoni’s Tj^ie B. Hyalinized vessel forming glomerular, groups. In the 
cartouche, one of these groups more highly magnifiedr The lumen of a 
knotted capillary has been cut across at four different points. This vascular 
arrangement is verj' frequent in certain central gliomas. 
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in further detail, giving some of the evidence for the view stated, and 
the disabilities of the implantation were discussed. 

In the present contribution it is proposed to elaborate the thesis 
by consideration of the mechanism of the transformation of several 
forms of follicles into epitheliiun-lined blood cysts. 

The primitive form of the graafian follicle — the primordial fol- 
licle — consists of the ovum with one layer of cells of the stratum 
granulosum. As the follicle becomes mature, these cells proliferate 
until they are several layers thick. Later a cavity (the antrum foUi- 
culi) appears and the ovum, surrounded by cells of the stratum 
granulosum, projects into this (Fig. i). At this stage the cells of the 
stroma immediately surrounding the follicle swell and become 
spheroidal, constituting a theca interna, and around this the stroma 
cells arrange themselves in a layer which is described as the theca 
externa. 

The changes that occur normally and which may result in the 
formation of the cysts to be considered are those of proliferation and 
evolution on the one hand, or retrogression on the other. The former 
process gives rise to the corpus lutemn and can only take place in a 
completely mature follicle which has ruptured, with projection of the 
ovum into the peritoneal cavity. The retrogressive changes which 
result in the formation of the atretic folh’cle in its various forms occur 
in the great majority of follicles. 

A reference to many current books and papers indicates that the 
significance of these bodies is not generally appreciated. Atretic 
follicles are confused with graafian follicles, the hyaline and fibrous 
bodies arising from them — the corpus candicans, corpus fibrosum, 
and so on — are intermixed with the corpus albicans, and the occa- 
sional bodies in which the cells come to resemble luteal cells are most 
often confounded with the corpus luteum. It will be apparent that, 
in the absence of a knowledge of these structures, the accurate inter- 
pretation of pathological conditions occurring in the ovary is im- 
possible. 

In my experience, the multiple blood cysts may show morphologi- 
cal characteristics which correspond to any of the bodies occurring 
normally in the ovary. Also, although relatively few main paths are 
followed in the development of the blood cysts, at the same time very 
many by-ways may be taken in the production of what are finally 
similar results. The life history of the maturing graafian follicle may 



THE ORIGIN OF EPITHELIUM-LINED BLOOD CYSTS 
(CHOCOLATE CYSTS) OF THE OVARY FROM THE 
GRAAFIAN FOLLICLE AND ITS DERIVATHTES* 

E. S. J. King, M.D., M.S., F.R.C.S., F.R.A.C.S. 

{From the University of Melbourne, Melbourne, Australia) 

The epithelium-lined blood cysts of the ovary have been discussed 
extensively during the last three decades under various terms, of 
which the most important are adenoma endometrioides ovarii,^ per- 
forating chocolate cysts, ^ ectopic Miillerianoma,^ adenomyoma of 
the ovary endometriosis,® endometrioma and endometriomyoma,® 
The majority of these terms tacitly assume that the material com- 
prising the cysts is aberrant endometrium. Pick’s term ‘‘endome- 
trioides” emphasises the similarity of the tissue to the endometrium 
of the uterus. “Adenomyoma ” is a noncommittal term and the sug- 
gestion of the “perforating chocolate cysts” is unsatisfactory in 
view of the ambiguity (from the pathological point of view) sur- 
rounding the term “perforating.” I would submit, for reasons to be 
given, that the term “multiple chocolate (or tarry) cysts” is suffi- 
ciently descriptive and does not wed us to any hypothesis, which in 
the light of new observations may have to be abandoned. 

A number of hypotheses have arisen to explain these cysts, of 
which the most important are those of Iwanof and Sampson. The 
former postulated a metaplasia and downgrowth of the surface 
epithelium of the ovary, and in other regions, of the peritoneum. 
Sampson suggested an actual transplantation of endometrium from 
the uterus to the ovary and other organs. 

In 1929 the writer ^ brought forward evidence showing that many 
of these cysts arose from the bodies normally occurring in the 
ovary — namely, the graafian follicles and their derivatives. At 
first, proof of this hypothesis could not be obtained in aU cases, and 
in 1930 the similarity of tarry cysts to examples of endometriosis 
(the nature of which could not be demonstrated) was discussed.® 
Later, further evidence was obtained in the case of the previously 
unproved examples. In another paper ® the subject was considered 

* Received for publication July 30, 1931. 
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ture of one of these is accompanied by the retrogression of the 
others. This has been shown experimentally, in birds by Pearl and 
Surface and in rodents by Herrmann and Stein, to be due to the 
presence of a hormone produced by the developing corpus luteum. 
Since the number of times that ovulation in any ovary occurs is 
limited (300 to 500) and there are many thousand ova in the organ, 
the reason for the tremendous excess of bodies derived from atretic 
follicles over those arising from true corpora lutea is apparent. These 
bodies are, therefore, much more important — at least numerically 
— than the corpora lutea. 

Various forms of retrogression are encountered: 

1. Absorption. 

2. Atresia with cystic development. 

3. Atresia with proliferation of the stratum granulosum and 

cyst formation. 

4. Atresia with proliferation of the stratum granulosum with- 

out cyst formation.* 

I. Absorption: The commonest mode of retrogression of the 
graafian follicle takes place in situ with the least amount of disturb- 
ance of the surroimding tissues. The ovum dies, the stratum granu- 
losum proliferates and, in lower animals, forms projecting masses 
beneath the zona pellucida. The granulosa cells invade the zona 
pellucida and the ovum. The membrana limitans becomes thicker 
and the cells of the theca interna proliferate. These gradually 
hyalinise, giving rise to a fibrous body possessing a hyaline capsule. 
This is termed the corpus atreticmn. Characteristically it is com- 
posed of a central zone of material resembling connective tissue and 
a peripheral zone of hyaline tissue. The collapse of this body, which 
usually occurs, results in the corpus candicans. Occasionally some 
disturbance of the normal mechanism results in the production of a 
morphological variant — all or most of the tissue being fibrous with 
little or no hyaline material. Such a body is designated a corpus 
fibrosum. 

Sometimes small spaces arise in one or another part of these struc- 
tures. These may occur in either fibrous or hyaline bodies. It has 

* One form of atresia observed in lower animals, described as rupture atresia, in 
my experience does not appear to have a constant correlative in the human ovary. The 
rupture of many of the atretic follicles containing blood, which is so characteristic of the 
multiple tarry tysts, is a possible counterpart. 



ORIGIN OF EPITHELIUM-LINED BLOOD CYSTS 


419 


be divided into two stages; (i) before an antrum folliculi is formed, 
and (2) after the formation of the follicular ca^dty. These will be 
considered separately. 

The Primitive Graafian Follicle 

The examination of the retrogressive changes in the primitive 
follicles of the human ovar}’’ is difl&cult, but in the case of ovaries of 
animals in which the ova are large (fish, reptiles, birds and, of the 
mammals, the Monotremata) the changes may be followed with 
ease. Subsequent examination of higher mammalian and particu- 
larly human follicles is thereby facilitated. 

The ovum disintegrates and this appears to be the primaiy mor- 
phological change. The cytoplasm stains more deeply, becomes 
vacuolated and the nucleus becomes first pyknotic and then disin- 
tegrates. The cells of the stratum granulosum invade the ovular ma- 
terial, remove it by phagocytosis and finally the cells hyalinise, giving 
rise to a small hyaline body known as the corpus restiforme. 

The pathological variant of this process is the formation of a small 
cyst, owing probably to some modification in the mechanism of ab- 
sorption of the ovular material. Usually the cyst remains of a com- 
paratively small size. 

If the stratum granulosum has become three or four layers thick, 
some of these cells disintegrate and disappear so that a single layer is 
to be found. In many cases there is little evidence, except for the 
nature of the surrounding structures, for the determination of the 
origin of the small cyst, but in other cases there are remnants of a 
theca interna which make its nature certain. Though they are 
usually spherical, partial collapse of these cysts gives rise to various 
appearances in sections. When these structures occur in the ovaries 
containing “endometrial” cysts, they contain blood and are lined by 
a single layer of cuboidal, and rarely columnar, cells which often 
possess cilia. It is of interest that some of the earlier accounts of 
“graafian follicles” contain a reference to ciliated cells lining the 
cavity. 

The Maturing Follicle 

The vast majority of the graafian follicles present in the ovary do 
not become mature, but undergo atresia. Just before the time of 
ovulation a munber of follicles are approaching maturity. The rup- 
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and collapse of the cyst results in a crenation of the wall. A char- 
acteristic appearance is obtained on section. 

Atresia is frequently associated with haemorrhage, particularly in 
the region of the theca interna (Fig. 5) , but in some cases, especially 
in the ovaries which are the site of the epithelium-lined blood cysts, 
bleeding occurs into the cavity of the cyst (Fig. 4). It is stated in the 
literature that blood does not find its way into the cavity of the 
atretic follicle, but an examination of the typical atretic follicles in 
the ovaries mentioned above will reveal some which show this 
peculiarity. 

When blood finds its way into the cavity of these cysts, an epi- 
thelial * lining develops. Apparently the presence of blood is neces- 
sary for the development of this lining. This epithelium appears to 
arise from the few remaining cells of the disintegrating stratum 
granulosum. The reasons for this conclusion are: {a) the epithelium 
occurs in the cysts at the same site as the stratum granulosiun, i. e. 
just internal to the theca interna; (6) rarely both may be found in the 
same cyst; and (c) the cells are epithelial in nature, e. g. they possess 
cilia. 

Examination of the walls of a series of cysts thus shows all grada- 
tions between atretic follicles with a well developed stratum granu- 
losum and theca interna without blood, and those which contain 
blood and show some degenerative changes in the wall on the one 
hand, and the hyaline and fibrous cysts either with or without an 
epithelial lining on the other. At first the stratum granulosum is 
about five layers thick and the theca interna is composed of well 
formed spheroidal cells. Then the stratum diminishes in size though 
the theca remains markedly in evidence. Finally the stratum be- 
comes one layer thick, though still recognisable as such. At some 
stage blood appears in the cavity. Epithelial cells now appear at the 
site of the stratum granulosmn and seem to arise from it. They may 
be syncytial at first, but for a time, even after cell boxmdaries are 
obvious, the cells are very irregular in form (Fig. 6). Later the cells 
become definitely cuboidal or columnar. The origin and nature of 
such a cyst is beyond doubt because the theca interna is still well 
marked (Figs. 3 and 4). Lastly there are those cysts in which the 

* It is to be appreciated that the term “ epithelium ” is used only in the most general 
sense. The ovarian structures are derived from the coelom and are thus mesothelial in 
origin. The argument that epithelium does not give rise to phagocytic cells (with which 
incidentally I disagree, but do not propose to discuss here) does not apply. 
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been suggested that the cells which line such a space are endothelial 
in origin. Occasionally, however, a number of the cells of the stra- 
tum granulosum remain and tlie lining cells may be seen to be con- 
tinuous with these. 

Well marked, epithelium-lined glands may be found in such rela- 
tionship to masses of hyaline and fibrous material as to suggest that 
they arose from the spaces referred to, and indicate that they arose 
from the follicle which gave rise to the hyaline or fibrous material. 
The significance of such masses in juxtaposition to glands described 
as “endometrial” has apparently been overlooked or regarded as in- 
cidental by observers. 

2. Atresia with Cystic Development: The formation of follicular 
cysts, varying from the size of a pin-head to one-half inch or more in 
diameter, is an everyday observation to investigators of ovarian his- 
tology and pathology. The frequence of their occurrence causes us to 
regard them as being a normal method of retrogression of the 
graafian follicle. 

The changes which take place imitate those occurring without 
cyst formation. The ovum disintegrates and the cells of the stratum 
granulosum begin to disappear also. The cumulus disappears at an 
early stage, and thus is formed a cyst lined uniformly by a layer of 
granulosa cells three to five layers thick (Fig. 2). At the same time the 
theca interna proliferates and forms a well defined layer outside the 
stratum granulosum. With further retrogression the stratum granu- 
losum becomes still more reduced until only one layer is to be ob- 
served. The theca interna remains in its weU developed state. 
Hyaline change usually occurs in the theca interna and the mem- 
brana limitans may be very well developed. It is important to ap- 
preciate that both hyaline and fibrous changes, which were de- 
scribed in regard to the absorption of the follicle in situ, may occur 
here. Usually some of the theca interna remains as a recognisable 
structure, but when it is replaced completely by hyaline and fibrous 
tissue the recognition of the nature of the cyst may be difficult. A 
knowledge of these transformations and the discovery of all grada- 
tions between the follicle commencing to imdergo atresia and the 
cyst with only hyaline material in the wall, render the identification 
of structures of doubtful origin practicable. 

While these changes are progressing, alteration in the shape of the 
cyst takes place. Apparently absorption of the cyst contents occurs 
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These cysts have been described by a number of writers. An ex- 
cellent account is given by Shaw.^^ He points out that the cells 
which, though atypical, resemble true luteal cells, may arise from 
both the stratum granulosum and the theca interna. The cysts con- 
taining derivatives of both layers he refers to as “tarry granulosa 
luteal cysts,'’ and those in which all remnants of the stratum granu- 
losum have disappeared as “tarry theca luteal cysts.” 

Typical examples of each of these varieties are easily diagnosed, 
but many intermediate cases occur. Probably some of the tarry 
theca luteal cysts arise directly by luteinisation of the cystic atretic 
follicles described in the preceding section, but others arise by com- 
plete disintegration of the granulosa representative of the tarry 
granulosa luteal cyst. Brakeman and Shaw have described the oc- 
currence of a heterotopic epithelial lining in such cysts. They have 
referred, however, mainly to the large single and double cysts which 
are generally recognised as being luteal. I would emphasise here that 
similar, though smaller, cysts occur amongst the multiple, epithe- 
lium-lined blood cysts described as “endometriomatous.” 

The sporadic cystic coipora lutea atretica occur in two principal 
forms: (i) the cysts in which the tissue closely resembles luteal 
tissue; and (2) the cysts in which the cells are very atypical even 
at an early stage. 

(i). In the first group the cysts are easily recognisable since the 
cells resemble typical luteal cells, but the marked festooning of the 
cyst wall, characteristic of the derivatives of the true corpus luteum, 
is absent. Degeneration of the ceils and their replacement by fibrous 
and hyaline material results in atypical appearances, but all grada- 
tions are to be foxmd and experience enables one to interpret even the 
most at)rpical forms. Haemorrhage may occur into these cysts at 
any stage and a heterotopic epithelial lining frequently develops. 
It is of importance that both the retrogressive changes and the de- 
velopment of the epithelium are relatively late results in the life 
history of the cyst, and thus the epithelium is to be found in most 
imposing form in those cysts in which there is least evidence of the 
nature of the cyst. This is in all probability the reason for the 
opinion that the multiple, epithelium-lined blood cysts are not of 
local ovarian origin. 

The retrogressive changes occurring in the walls of these cj^sts do 
not occur uniformly and in some cases it is possible to find luteal 
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epithelium is indistinguishable from that of the ‘‘endometrial” cysts 
and there is an underlying fibrous cellular stroma. Often the general 
conformation of the cyst suggests a relationship with the atretic 
follicle even in absence of other evidence (compare Fig. 5 with Figs. 
12 and 13). 

The distinguishing feature of the first two methods of atresia is a 
relatively large development of the theca interna. In the next two 
groups the atretic processes are characterised by a disproportionate 
overgrowth of the stratum granulosum, so that the resulting struc- 
ture may bear some relationship to a corpus luteum. 

5. Atresia with Proliferation of the Stratum Granulostim and Cyst 
Formation: The most characteristic form in which overgrowth of the 
stratum granulosum takes place is in the multiple luteal cysts asso- 
ciated with hydatidiform mole. Atresia of a large number of follicles 
occurs and results in bodies, of greater or less size, sometimes solid 
but more frequently cystic which resemble, both in their general 
structure and in the nature of their cells, corpora lutea; hence the 
term — multiple “luteal” cysts. When it was appreciated that the 
process was one of atresia, the principal group of cells was thought to 
arise from the theca interna as in the other forms of atresia men- 
tioned. The work of several investigators, however, showed that these 
cells arose by proliferation of the stratum granulosum. These “lu- 
teal” bodies undergo retrogressive changes similar to those seen in 
the atretic follicles of the normal ovary, and fibrous and hyaline 
bodies result. 

Haemorrhage occurs into some of the cysts, the number of which 
varies in different specimens. As in the case of other blood cysts of 
the ovary, physicochemical changes gradually occur in these blood 
cysts, resulting in a change of the blood to a tariy or chocolate con- 
sistence. 

The walls of these cysts are frequently lined by a definite epithe- 
lium (Fig. 8). In these structures particularly can the continuity of 
this epithelium with the luteal cells (i. e. the modified stratum granu- 
losum) be demonstrated. 

In addition to these multiple cysts, similar cysts may occur in 
some ovaries singly in a sporadic fashion. They may contain blood 
which gradually becomes tarry. Retrogressive changes take place in 
the wall, the “luteal” cells become fewer in number and at3q)ical in 
appearance, and the tissue adopts a fibrous or hyahne character. 
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4. Atresia with Proliferation of the Stratum Granulosum without 
Cyst Formation: This results in the production of small bodies con- 
sisting for the most part of cells indistinguishable from the phag- 
oyctic cells described above. Degenerated cells^ debris arising from 
the breakdown of these and blood cells; and at tunes considerable 
amounts of well formed red corpuscles occupy the centre of these 
structures. They seem to arise in non-cystic atretic bodies into 
which small haemorrhages occur at an early stage. 

This form of atresia is described here as a separate variety and 
well formed bodies are characteristic, but all gradations are found 
between these and the cystic forms referred to above. 

Small spaces arise in some of these bodies. The debris found in the 
centre of the structure contains cholesterol and related substances, 
and the phagocytic cells imite to form S3m.cytial masses around the 
material. Distension of the space occurs until the peripheral cell 
mass is but one layer thick. On the wall of some of the larger spaces 
an epithelium definite and columnar is found (Fig. 9). 

The Corpus Luteum 

After rupture of the mature graafian follicle, the stratum granulo- 
sum commences to proliferate to an astounding degree, giving rise to 
the large mass of cells comprising the convoluted walls of the luteal 
body. The cells also enlarge until they become the character- 
istic luteal cells. The theca interna also proliferates and gives rise to 
an irregularly placed layer of cells. The central cavity 

may contain a considerable amount of connective tissue, but a space 
containing fluid, even though small, is almost invariable. The spot 
at which the graafian follicle ruptured on the surface heals, but it can 
usually be recognised as a depression of the exterior of the organ and 
by the projection of the corpus luteum towards this site. 

Four stages of development may be recognised. 

r. Stage of Proliferation or Hyperaemia: The granulosa cells begin 
to luteinise, but at this stage the theca interna cells look much more 
like the adult luteal cells. The corpus luteiun is, at this stage, an in- 
conspicuous vesicle of greyish colour — usually flattened. 

2. Stage of V ascularisation: The luteal layer becomes invaded by 
newly formed capillaries pushing in from the theca interna. Whether 
haemorrhage does or does not occur at this stage is a much debated 
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tissue in one part of the wall, hyaline tissue obviously of luteal origin 
in another, and material mdeterminate in character in another. This 
circumstance and the discovery of gradations between the typical 
‘'luteal” cyst and the epithelium-lined blood cysts determines the 
follicular origin of the “endometrial” cysts beyond doubt. Hyaline 
tissue is frequently described in the walls of blood cysts by the pro- 
tagonists of the implantation h)q)othesis. 

(2). The at3q)ical forms comprise a group in which the walls are 
lined by large cells with small nuclei and voluminous vacuolated 
protoplasm. The cysts undoubtedly arise from luteal bodies of the 
atretic series. The problem is the nature of the cells. 

These cells are undoubtedly phagocytic in character. They arise 
in greatest numbers in those cysts in which haemorrhage has appar- 
ently occurred at an early stage. The question is whether they are 
histiocytes or derived from the luteal cells. 

There is not sufficient evidence at present to enable one to dogma- 
tise upon this point, but I am of the opinion that the cells are derived 
from the luteal cells (usually the derivatives of the stratum granu- 
losum) for the following reasons: 

(a) The phagocytic activity of the cells of the stratum granulo- 
sum in some forms of atresia, in lower animals, is undoubted.^® 

(b) The morphology of such cells is that of typical phagocytes (of 
histiocyte type). This is a morphological change dependent 
on a change of function. 

(c) Evidence of remnants of both layers — stratum granulosum 
and theca interna — is to be found and the cells of both layers 
are atypical and resemble phagocytes. 

(d) Where luteal cells and phagocytic cells are found together in- 
termediate forms may be seen. 

(e) Gradations from typical follicles showing similar cells which 
are obviously of granulosa origin to the atypical varieties de- 
scribed here are found. 

These cysts develop a heterotopic epithelial lining. This lining 
may be present only in one part of the cyst, it may completely cover 
the wall or it may be patchy in distribution. The epithelium * in 
some cases is continuous with the phagocytic cells (Fig. 10). 


* See footnote on page 422. 
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time so that tarry material and fresh blood may be seen occasionally 
in the same cyst. 

Corpus luteum cysts may be lined by the luteal cells, by a con- 
nective tissue layer internal to the luteal cells, or by a heterotopic 
epithelium lying internal to the connective tissue — as pointed out 
by Fraenkel.^^ 

Since relatively so few graafian follicles mature and rupture on to 
the surface, only a few corpora lutea are formed, and therefore cysts 
arising from this structure are found much less commonly than those 
derived from the atretic follicle. Furthermore, the characteristic 
feature of ovaries, which are the site of “endometrial” glands and 
cysts, is the observation that all the bodies foimd in the organ are 
undergoing retrogression ® — immature and mature follicles of vari- 
ous forms are affected. It would appear that no follicles are allowed 
to come to maturity during the active stage of the disease; some fac- 
tor, possibly excess anterior pituitary hormone or related substance, 
is causing atresia and haemorrhage in all the follicles. 

However, in the ovaries which contain multiple blood cysts, an 
occasional cyst of definite corpus luteum origin is to be found. Such 
cysts are always ancient. 

Cysts of the corpus luteum are usually large, but quite minute 
though perfectly formed derivatives are to be found in the ovaries 
mentioned. The relationship of such structures to a healed stigma 
reveals their nature even when other criteria of differentiation are 
absent. 

Resume 

A great many structures occur in the ovary derived from the 
graafian follicle, most of them by the process of atresia, some by way 
of evolution and the corpus luternn. It is not practicable at present 
to give a complete account of all possible forms, but it is intended to 
draw attention to some of them. So many changes are still without 
adequate explanation, and the amazing munber of appearances are 
so intricate and difficult of elucidation that a finished statement is 
not attainable. 

The principal feature is that cysts of very many varieties may 
possess an epithelial lining and some of them, without thorough 
study of the ovary, will not be referred to their correct relationship 
with the follicles. 
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question. It probably does take place in some cases, though most 
authorities deny its occurrence until the next stage. 

j. Stage of Maturity: The zenith of this stage is reached just be- 
fore menstruation commences. It is now the characteristic yellow 
body of text-book description. The well formed luteal cells are sep- 
arated from the lumen by a more or less weU marked layer of con- 
nective tissue. The theca interna is represented by the collections of 
cells described by Pinto as “paraluteal.” Haemorrhage occurs into 
the cavity of the body. 

4. Stage of Regression Marking the Onset of Menstruation: There is 
a shrinkage of the luteal layer and fatty degeneration of the cells 
occurs. It is the presence of the fat in the cells which is responsible 
for the yellow colour of the ‘^typical” corpus luteum. The cells now 
atrophy — pyknosis and ultimately disintegration of the nuclei oc- 
cur. Connective tissue cells advance from the theca zone into the 
luteal layer and gradually replace the cells. Hyaline tissue appears, 
but whether this occurs in the connective tissue or in the luteal cells 
is as yet undecided. (I would subscribe to the second view.) 

In the final stage the replacement of the luteal tissue by hyaline 
material is complete. The body produced is known as the corpus 
albicans. This is characteristic, but the corpus candicans arising 
from the atretic follicle is frequently mistaken for it. The corpus 
albicans, however, is usually larger, is composed of larger convolu- 
tions of hyaline tissue and possesses evidence of a central cavity. 

Cysts or the Corpus Luteum 

Cysts of the corpus luteum, at an early stage, show typical luteal 
tissue in the wall. As the cyst becomes older this tissue becomes re- 
placed by hyaline material and, as happens in the case of the atretic 
follicles, sometimes by fibrous tissue. These changes are to be found 
in the older cysts and the fibrous tissue is best developed in the 
cysts which have become distended. 

Should the luteal tissue become uniformly and completely re- 
placed by hyaline tissue a corpus albicans cyst is formed. Many 
variations depending on the type and extent of the change taking 
place in the luteal tissue may arise. 

Any of these cysts may contain blood and, as the cysts age, 
changes occur in the blood resulting in the formation of chocolate or 
tarry material. Haemorrhage takes place into the cysts from time to 
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The epithelium may be found in three circumstances: (i) where 
the epithelium completely lines the interior of the cyst; (2) where 
only a portion of the cyst is so lined; and (3) where the epithelium 
lines part of the cyst and is in direct continuity with granulosa or 
luteal cells which are lining the wall elsewhere. 

Suhepithelial Slrotna 

Beneath the epithelium there develops a loose tissue containing 
small round cells, spindle cells, obvious phagocytic cells and some 
pigment. The comparison of this tissue with similar material lining 
non-epithelialised blood cysts and in which absorption of the cyst 
contents is occurring, suggests that this tissue is taking part in the 
absorption of the blood. Its degree of development is closely asso- 
ciated with the development of the columnar character of the 
epithelium. 

This stroma is frequently likened to the stroma of the uterine 
mucosa. Actually this is more a gross than an intimate histological 
resemblance. 

The first stage in its formation appears to be a swelling of the 
suhepithelial tissue, extreme vascularity and accumulation of fluid 
— “oedema.” Some observations suggest that this may be depend- 
ent on some alteration of cyst tension (Fig. 12), though this idea is 
difficult of application in many cases. That alterations of tension 
are present is shown by the collapse of the cysts. The areas described 
frequently occur on the portion of the wall which projects into the 
cavity. 

Later and sometimes without the intervention of the preceding 
stage, a number of small round cells accumulate and some of the 
connective tissue cells swell. Phagocytic cells containing a large 
amount of protoplasm with varying amount of blood pigment and 
possessing small nuclei appear. 

Gland Formalion 

“Gland” formation may occur in two principal ways: (i) from 
small atretic follicles — each follicle becoming a gland space; and 
(2) as subsidiary formations from larger cysts. 

Of the second variety, the simpler form is that due to distortion 
of cysts which have collapsed. The distortion of the wall results in 
the formation of crypts. These crypts, if cut obliquely in section, 
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This brings us to the question of terminology. Since they arise 
from the numerous bodies of the ovary a general term is desirable. 
The term luteal cyst is applied to several forms of the larger cysts. 
Follicular blood cyst is applied to a different condition and does not 
include the derivatives of the corpus luteum. The most character- 
istic macroscopic features are their multiplicity and their blood con- 
tent. Therefore, until their origin and nature are fully understood 
and recognised, the term “multiple chocolate (or tarry) cysts” seems 
adequate. 

The Epithelium 

The epithelium lining these cysts may be flattened, cuboidal or 
columnar. Each type of epithelium may be found lining a cyst com- 
pletely, or all varieties with gradations between them may be found 
in the same cyst. In early examples the epithelium is nearly always 
flattened, but in older cysts (the age being shown by the presence of 
hyaline material) the epithelium becomes columnar. The char- 
acteristics of the columnar epithelium, which suggest that it plays a 
part in an absorptive mechanism, will be dealt with in another 
paper. 

The origin of the epithelimn lining tarry luteal cysts has been a 
source of speculation for a considerable time. Three possible origins 
have been suggested, namely: (i) from the surface epithelium of the 
ovary growing in at the stigma of the ruptured graafian folhcle; (2) 
from endothelium by metaplasia; and (3) from luteal cells or their 
precursors the cells of the stratum granulosum. 

The first can apply only to corpus luteum cysts and seems un- 
doubtedly to be the explanation in some cases, since it is possible to 
trace the epithelimn of the cavity in continuity with the surface 
epithelium. The endothelial origin does not seem to be adequate 
when some of the characteristics of the epithelimn — the tall colum- 
nar form and the presence of ciha — are considered. The charac- 
teristics suggest an origin from epithelial cells and the writer is satis- 
fied that the evidence definitely estabhshes the luteal (or granulosa) 
origin of the heterotopic epithelium for the majority. Even in the 
cases in which the epithelium develops from the surface epithelium, 
the cells are probably comparable with those lining luteal bodies 
arising from atretic follicles, since the stratum granulosum and the 
luteal cells are genetically related to the surface epithelium. 
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epithelium without due regard to the other parts of the cysts. It has 
been assumed that because some of the cysts do not possess epi- 
thelium they have previously possessed such a lining, and by some 
process (e. g. pressure atrophy) have lost it. The opposite view, 
that these cysts are an earlier stage in which the epithelium has not 
yet formed, should be seriously considered. 

The labour expended by many investigators on the multiple blood 
cysts has established them as a clinical entity and has attracted at- 
tention to their special features. The conception of aberrant endo- 
metrium, however, of whatever origin, helps us but little in under- 
standing the condition from the pathological point of view. 

The transplantation of apparently normal tissue with its growth 
in the new situation requires some further explanation of its occur- 
rence. Because the endometrium has special physiological reactions 
it has been argued that its pathology will be pecuhar to itself. The 
corollary of this view is that pathological principles wiU be legion — 
there will be special processes for every organ in the body. This 
leads us into an vmtenable position. 

On the other hand, in the h3q)othesis submitted in this paper, we 
are dealing with known, and for the most part, definite physiological 
phenomena and with fundamental and weU known pathological 
principles. 

The changes in the graafian follicle are well recognised, though 
some of the more abstruse manifestations still require elucidation. 
The process of atresia has been shown to be due to hormone activity, 
in some cases arising from a corpus lutemn, but also in others from 
other parts of the body — particularly the anterior pituitary gland. 
It has also been shown by several experimental physiologists that 
the haemorrhage which occurs into the body of the ovary is the re- 
sult of several factors, one of which is a hormone of the anterior 
pituitary gland. 

The particular factors which are active in the human being are 
still imdetermined, but, in the lower animals, I have ascertained ex- 
perimentally that the anterior pituitary hormone may produce 
atresia and haemorrhage in the follicles and that, in many cases, the 
presence of the blood is associated with the development of an 
epithelial lining. This is to be discussed in another paper. 

From this it would appear that the development of the epithe- 
lium is the result rather than the cause of the bleeding into the cysts. 



ORIGIN OF EPITHELIUM-LINED BLOOD CYSTS 


431 


give an appearance of glands. These are to be found particularly 
towards tlie end of longitudinally collapsed cysts. Another method 
of formation is a definite outgrowth of the epithelium into the sur- 
rounding tissue. That this is an active process seems certain from 
the observation that often the glands extend beyond the confines of 
the cyst wall, i. e. beyond the boundaries of the hyaline tissue. They 
may be traced for considerable distances and at times a gland space 
near the surface of the ovary may be shown, by serial section, to be 
actually continuous with a comparatively deep cyst. 

Complications Due to Proximity to the Surface: It has been tacitly 
assumed by Sampson and other protagonists of the implantation 
h3^o thesis that the presence of glands near the surface of the ovary 
indicates an implantation of material on the surface of the organ. 
Actually the observations are to be explained as a rupture of primary 
ovarian cysts. The occurrence of glands derived from the immature 
follicle near the surface of the organ has been mentioned. In a simi- 
lar manner glands arising from atretic follicles of greater develop- 
ment, in which epithelial activity is marked, occur near the surface 
and alterations of intracystic tension, such as rupture, affect the 
development of the lining (Figs. 12 and 13). Such rupture may be 
followed by a projection outwards of part of the inner wall (Fig. 14), 
and this gives a clue to the origin of the gland and stroma debris 
found on the surface of the organ. Portions of the original cyst wall 
can frequently be seen (Fig. 16). These features may be absent from 
one section, but serial sections should be made in such cases before 
conclusions are drawn. 

Comment 

These observations are only a few of those to be encountered in 
the examination of ovaries containing blood cysts. No doubt the 
extraordinary variations found in the structure of the walls of the 
cysts has been responsible for the opinion that the epithelium, which 
is such a constant feature, is the most important. That extreme 
variation of structure of the bodies of the ovary derived from the 
graafian follicle occurs normally may be determined by a study of a 
number of organs. These bodies have been insufficiently examined 
and their relationship to the blood cysts has not been appraised, and 
thus the significance of the epithelium has not been appreciated. 

. In the majority of current descriptions emphasis is laid on the 
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DESCRIPTION OF PLATES 
Plate 74 

Fig. I. A typical graafian follicle showing an antrum folliculi, a cumulus con- 
taining the ovum and a well developed theca interna. The theca externa is 
comprised by those stroma cells which are arranged concentrically around 
the theca interna. S. = stratum granulosum. T. I. = theca interna. E. = 
theca externa, x 40. 

Fig. 2. A retrogressing follicle showing a well preserved theca interna (T. I.). 
The stratum granulosum (S.) is only one cell thick, x 35. 

Fig. 3. A small cystic atretic follicle which contained blood. The stratum 
granulosum (S.) is commencing to adopt an “epithelial” character. The 
follicular nature of the cyst is shown by the presence of the theca interna 
(T.I.). X4S. 

Fig. 4. A higher power view of a small atretic follicle containing blood. The 
stratum granulosum is represented by a single layer of flattened and cu- 
boidal cells. The theca interna (T. I.) can still be recognised, x 65. 

Fig. 5. A collapsed atretic follicle showing a retrogressing stratum granulosum 
(S.) and a well marked theca interna (T. 1.). There is a large extrafollicu- 
lar haemorrhage (H.) in the left lower quadrant. Compare with Fig. 12. 
X 4 °- 
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In a case recently observed (to be described elsewhere) t5^ical 
cyclical menstrual bleeding occurred in ovarian cysts of proved 
ovarian origin. From this point of view it might be noted that the 
haemorrhage, often cyclical, which occurs in the non-epithelialised 
follicles and luteal bodies of the ovary has been disregarded by the 
authorities who uphold the “endometrial” hypothesis of the nature 
of the epithelium-lined blood cysts. 

Conclusions 

1. In the course of its development, the graafian follicle gives 
rise to a very varied series of structures, the advanced stages of 
which bear little or no morphological resemblance to the parent 
structure. A study of the intermediate stages is necessary for the 
demonstration of the relationship of the atypical forms to the 
original follicle. 

2. Haemorrhage occurs so frequently into these structures as to 
be almost a normal phenomenon. 

3. A hetero topic epithelial lining develops in the older cysts 
which contain blood. Since these older cysts, as stated, bear but 
little resemblance to the original follicles, the relationship has been 
overlooked. 

4. These cysts are identical with those which, on account of the 
nature of the epithelium, have been described as “endometrial.” 
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Fig. 6. Portion of the ivall of a follicle containing blood. The remnant of the 
stratum granulosum is adopting an epithelial character, x 200. 

Fig. 7. Portion of the wall of a cyst of follicular origin showing the develop- 
ment of “glands” which were shown, by serial section, to be continuous 
with the cyst, x 50. 

Fig. 8. Portion of the wall of a luteal cyst occurring, amongst many others, in 
association with hydatidiform mole. The epithelial lining is composed of 
cuboidal cells, x 90. 

Fig. 9. A well developed epithelium-lined cavity which has arisen in an atyp- 
ical atretic body, the greater part of which is composed of phagoc3Tic 
cells (P.). X 25. 

Fig. 10. Portion of the wall of a cj'st of luteal origin. There are numerous phag- 
ocjdic cells which are in close association with the epithelium, x 100. 

Fig. II. Portion of the wall of a cj'st of luteal origin showing the development 
of glands by crypt formation, x 50. 




















Plate 76 


Fig. 12. a cyst of follicular origin which has just ruptured onto the surface of 
the ovary. Note the projection of the epithelium on the deeper side of the 
wall and the swelling and haemorrhage into the subepithelial tissue, x 25. 

Fig. 13. A small cyst near the surface of the ovary, of follicular origin (serial 
sections showed that other portions of the wall possessed characteristic 
stratum granulosum and theca interna). Haemorrhage has occurred into 
the subepithelial tissues. Compare with Fig. 5. x 40. 

Fig. 14. A ruptured cyst in which the epithelium and subepithelial tissue of the 
deeper wall have formed a marked projection outwards. The glands pres- 
ent are due to an exaggeration of the process observed commencing in 
Fig. 13. X 15- 

Fig. 15. An appearance regarded as being evidence for the implantation hy- 
pothesis. This tissue arises by disintegration of the projection shown in Fig. 
14. In this case portion of the original cyst wall is to be seen at the left- 
hand edge (W.). X 12. 
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tensis organism. The diagnosis in each case was dependent on 
clinical observation and a positive agglutination test. No organism 
was isolated. 

After Evans,® in 1918, emphasized the close laboratory similarity 
between the causative organism of Malta fever and the organism 
responsible for contagious abortion, the possibility of human infec- 
tion with the latter organism was promptly raised by Evans, Hud- 
dleson and other investigators. Soon authentic reports of human 
cases of infection with the Brucella melitensis var. abortus began to 
make their appearance. The differentiation of the Brucella group of 
organisms by the bacteriostatic dye method of Huddleson has 
clearly shown that Brucella melitensis, both porcine and bovine 
varieties, are pathogenic for man. The hterature on human infection 
with these organisms has become more voluminous than that in 
which the original caprine variety of organism was implicated. The 
course of the disease, as well as the complications and sequelae, is 
similar even to the infrequency of meningitis. A review of the litera- 
ture from 1918, the time the similarity was noted, to the present 
time has revealed only a single case due to the porcine organism, the 
pathology of which we propose to make the basis of this contribu- 
tion. The clinical aspects of the case have been reported, in part, by 
Sanders.*^ No other instance of meningitis due to the bovine va- 
riety of organism has been found in the literature. 

Report of Case 

Clinical History: D. Y. (F-8521), a white, male, printer, 24 years old, en- 
tered the University Hospital on Oct. 10, 1931, and died on Nov. 3, 1931. He 
had been ill since Dec. 24, 1930. At that time, his right foot began to tingle and 
became numb. These sensations extended throughout the half of the body, even 
to the point of numbness of half of the tongue. He also developed aphasia. This 
attack lasted about thirty minutes. Following the first fifteen minutes of the 
numbness, a severe headache began in the temple and suboccipital regions, 
which lasted several hours. A number of similar attacks occurred later, except 
that they were initiated in an extremity other than the right leg. According to 
the mother, there had been four attacks of delirium. The patient was unable to 
recall anything about any of them. The first occurred in March, 1931, and lasted 
two hours. Lumbar puncture quite readily relieved his difiiculties. He was ad- 
mitted to Johns Hopkins Hospital the latter part of March as a brain tumor 
suspect, but no tumor could be located. However, evidence of intracranial irri- 
tation was present, and he was discharged. His illness was diagnosed encephali- 
tis, or a low-grade meningitis. Two weeks after discharge, an organism of the 
Brucella group was isolated from the spinal fluid which had been obtained while 
the patient was in the hospital. Evidence of intracranial irritation had been 
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MYCOTIC ANEURYSM DUE TO BRUCELLA MELITENSIS 
VAR. PORCINE 

G. H. Hansuann, M.D., and J. R. Schenken, M.D. 

(From the Department of Pathology and Bacteriology, College of Medicine, 

State University of Iowa, Iowa City, la.) 

Contributions to our knowledge of Malta fever have been numer- 
ous since the discovery of the etiological organism by Bruce ^ in 
1887. A search of the voluminous literature on this subject reveals 
quite frequently most of the complications and sequelae of a long- 
continued intravascular infection. Meningeal infection with Bru- 
cella organisms is an exceptional observation in the history of the 
disease. The localization of Brucella melitensis var. caprine\ in the 
meninges, as far as we are aware, has been conclusively proved only 
on three occasions. Hughes,^ in his thorough study and review of the 
subject, mentions a patient who, after forty-five days of fever, had 
been afebrile for fifty-seven days, when symptoms of cerebral irrita- 
tion appeared. Brucella melitensis var. caprine was isolated from the 
meninges postmortem, fifteen days after the onset of the cerebral 
symptoms. Lemaire ® made a complete study of a non-fatal case in 
which he pointed out the similarity of melitensis meningitis and 
tuberculous meningitis. He either failed to locate the report by 
Hughes, or he did not accept it as a case of melitensis meningitis, be- 
cause he believed that his was the first case of meningitis reported in 
which Brucella melitensis var. caprine was the causative organism. 
Desage and coworkers, ^ having seen Lemaire’s report, were in a posi- 
tion to make a diagnosis of melitensis meningitis on a patient who, 
after a number of consultations, had been given up to die, supposedly 
of tuberculous meningitis. Magnani ® reported a series of observa- 
tions on a possible case of melitensis meningitis. Roger con- 
tributed nine clinical cases, six of his own and three from a text by 
Cantaloube, of probable infection of the meninges with the meli- 

* Received for publication February 20, 1932. 

t Because of geographic distribution of the cases, it is assumed that the organisms 
were from caprine sources. 
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December 15, and their sera agglutinated the Brucella organism in 1:1280 and 
1:5120 dilutions, respectively. It was known before inoculation that their sera 
contained no agglutinins for the Brucella group. 

Blood: The white blood cells varied from 9,200 to 15,900. There were 87 
polymorphonuclear leucocytes, 10 l}miphoid cells, and 3 large mononuclear cells. 

Urine: There was nothing abnormal about the urine. 

Spinal Fluid: The spinal fluid pressure was 52. On March 20, 1931, the 
fluid contained 300 cells, 36 per cent of which were lymphocytes. On May 7, 
1931, there were 271 cells, only 12 per cent of which were polymorphonuclear 
leucocytes. Fluid obtained between Oct. 7, 1931, and time of the patient’s 
death was markedly bloody in each instance. This bloody spinal fluid contained 
no reducing substace. 


Postmortem Exaidnation 

The spleen weighed 175 gm. With the exception of three small 
hemorrhages in the visceral pericardium, and obvious emaciation, 
the gross findings were confined to the central nervous system. 

Liquid and clotted blood filled the subarachnoidal space at the 
base of the brain from the optic chiasma to the brain stem, inclusive. 
Hemorrhage completely surrounded the brain stem and was con- 
tinuous with the blood clot which filled the cistema magna, fourth 
ventricle, aqueduct of Sylvius, and third ventricle. Except for ac- 
cumulations of blood covering both gyri and sulci over the occipital 
lobes, left Sylvian fissure and the tip of the left temporal lobe, the 
hemorrhage in the subarachnoidal space of the cerebral hemispheres 
was in the sulci. The leptomeninges of the anterior and central por- 
tions of both superior surfaces of the cerebral hemispheres contained 
a number of grayish white “tubercles.” Most of these were found 
definitely clustered along vessels. Blood, which filled the entire 
spinal subarachnoidal space, obscured aU evidences of a meningitis. 

After the brain was fixed in 10 per cent formalin, the cerebral and 
cerebellar peduncles were severed so that the pons, medulla and 
fourth ventricle were obtained in one piece. This was sectioned 
coronally without disturbing the subarachnoid hemorrhage. An 
aneurysm which measured 9 by 6 by 6 mm. arose from the dorsal 
surface of the proximal portion of the basilar artery. The major 
portion of the sac lay superior to its point of attachment to the basi- 
lar artery. A short pedicle, containing a channel i nun. in diameter, 
connected the lumina of the sac and artery. The aneurysm, the 
basilar artery and the vertebral arteries, all lay embedded in blood. 
Examination of the cerebral hemisphere revealed somewhat dilated 
lateral ventricles and a granular ependyma. A small amount of 
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demonstrated by Doctor Sanders.” He found what he believed were meningo- 
cocci, and the patient received antimeningococcic therapy. After the patient’s 
return home, he was treated with vaccine prepared from an autogenous and 
stock strain of the Brucella organism, with what appeared to be quite a satisfac- 
tory result. Trouble with his eyes (diplopia) when looking to either side, ears 
(some impairment of hearing and tirobbing in his ears), and headaches had, 
however, not entirely disappeared and lumbar puncture was at times necessary 
for relief. On Sept. 30, 1931, he became nauseated, vomited, and for two days 
had a temperature of 105° F. A low-grade fever had persisted since that time. 
Physical examination on admission to the University Hospital Oct. 7, 1931, dis- 
closed nothing abnormal, except for prominence of the eyes, a 20 pound loss of 
weight, and a somewhat unsteady gait. 

Subsequent Course: On October 25, there was a moderate occipital headache, 
and a lumbar puncture was done to relieve it. The patient became faint and had 
a convulsion. The pupils were dilated and fixed. There were two similar con- 
vulsions at 3.53 and 3.57 p.m., respectively. The fluid obtained at 4.00 p.m. was 
bloody. At 5.00 p.m, he was crying and tossing about. At 6.10 p.m. another con- 
vulsion occurred. The next morning at 2.10 a.m. he became stuporous and had 
deep, difficult respirations at the rate of 32 per minute. The pulse rate was 120. 
On October 27, definite choked discs and retinal hemorrhages were observed. 
On October 28, he was conscious and oriented, but weak. There was a dull ache 
in the back of the neck and he felt stiff all over. On the same day he was smok- 
ing and answered questions quickly and accurately. He complained of a stiff 
neck and of an occipital and suboccipital headache. On October 29, at 4.00 a.m., 
the pulse became imperceptible. Respirations were deep and sighing. The pulse 
returned shortly afterward at a rate of 120. On November 1, the head was re- 
tracted and the neck was stiff. The patient died suddenly on Nov. 3, 1931, at 
7.40 A.M. 

Laboratory Data; 

Bacteriology: On March 20, 1931, Gram-negative organisms were found in 
the spinal fluid, which were interpreted as meningococci. A few days later a cul- 
ture of the fluid examined at Johns Hopkins Hospital yielded a melitensis or- 
ganism. On May 7, 1931, a Brucella melitensis var. porcine was isolated from the 
spinal fluid. On Oct. 26, 1931, five drops of uncentrifugalized spinal fluid on 
culture yielded no growth, while five drops of centrifugalized sediment yielded 
only seventeen colonies, which, when typed by Huddleson’s bacteriostatic dye 
method, were proved to be Brucella melitensis var. porcine. On November 2, a 
similar organism was isolated from the spinal fluid. The fluid from the puncture 
on Oct. 26, 1931, was inoculated into two guinea pigs (“A” and “B”). The 
“B ” pig was killed and autopsied after six weeks. Enlarged suppurating glands 
were found in the groin, the spleen was twice the normal size, and areas of necro- 
sis were found in the liver and spleen. Organisms isolated from the lesions of 
this guinea pig proved to be Brucella melitensis var. porcine. The other pig, 
“A,” was permitted to live and remain under observation. 

Serology: On July 7, 1931, the patient’s serum agglutinated the organism 
isolated from the spinal fluid, as well as a stock strain of Brucella in i :i6o dilu- 
tion. On Oct. 22, 1931, the patient’s serum agglutinated the stock strain of 
Brucella in i ;2o dilution, and the autogenous strain in i .-40 dilution. The spinal 
fluid agglutinated the stock strain in 1:5 dilution, and the autogenous strain in 
I :io dilution. The orgam'sm in the spinal fluid was agglutinated by known Bru- 
cella serum in a dilution of 1:1280, Guinea pigs “A” and “B” were bled on 
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tensis organism. The diagnosis in each case was dependent on 
clinical observation and a positive agglutination test. No organism 
was isolated. 

After Evans/ in 1918, emphasized the close laboratory similarity 
between the causative organism of Malta fever and the organism 
responsible for contagious abortion, the possibility of human infec- 
tion with the latter organism was promptly raised by Evans, Hud- 
dleson and other investigators. Soon authentic reports of human 
cases of infection with the Brucella melitensis var. abortus began to 
make their appearance. The differentiation of the Brucella group of 
organisms by the bacteriostatic dye method of Huddleson has 
clearly shown that Briicella mditensis, both porcine and bovine 
varieties, are pathogenic for man. The literature on human infection 
with these organisms has become more voluminous than that in 
which the original caprine variety of organism was implicated. The 
course of the disease, as well as the complications and sequelae, is 
similar even to the infrequency of meningitis. A review of the litera- 
ture from 1918, the time the similarity was noted, to the present 
time has revealed only a single case due to the porcine organism, the 
pathology of which we propose to make the basis of this contribu- 
tion. The clinical aspects of the case have been reported, in part, by 
Sanders.” No other instance of meningitis due to the bovine va- 
riety of organism has been found in the literature. 

Report oe Case 

Clinical History: D. Y. (F-8521), a white, male, printer, 24 years old, en- 
tered the University Hospital on Oct. 10, 1931, and died on Nov. 3, 1931. He 
had been ill since Dec. 24, 1930. At that time, his right foot began to tingle and 
became numb. These sensations extended throughout the half of the body, even 
to the point of numbness of half of the tongue. He also developed aphasia. This 
attack lasted about thirty minutes. Following the first fifteen minutes of the 
numbness, a severe headache began in the temple and suboccipital regions, 
which lasted several hours. A number of similar attacks occurred later, except 
that they w’ere initiated in an extremity other than the right leg. According to 
the mother, there had been four attacks of delirium. The patient was unable to 
recall anything about any of them. The first occurred in March, 1931, and lasted 
two hours. Lumbar puncture quite readily relieved his difficulties. He was ad- 
mitted to Johns Hopkins Hospital the latter part of March as a brain tumor 
suspect, but no tumor could be located. However, evidence of intracranial irri- 
tation was present, and he was discharged. His illness was diagnosed encephali- 
tis, or a low-grade meningitis. Two weeks after discharge, an organism of the 
Brucella group was isolated from the spinal fluid which had been obtained while 
the patient was in the hospital. Evidence of intracranial irritation had been 
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blood was present in the tips of the ventricular horns. A firm, lam- 
inated blood clot completely filled the third ventricle. 

Histological Examination 

Histological examination of the viscera reveals considerable 
amounts of phagocytosed hemosiderin in the lungs and a few small 
focal areas of necrosis in the liver. 

The. nervous system presents changes due to a mild injurious 
agent. Both the pia and the arachnoid show various degrees of 
thickening, due largely to an inflammatory cell infiltration and a 
connective tissue proliferation. The inflammatory cells are largely 
lymphocytes and plasma cells, with a moderate number of large 
mononuclear cells. A few pol3miorphonu clear leucocytes are noted. 
Serial sections of several of the meningeal “tubercles” reveal that 
they are composed of irregular masses of hyalinized connective 
tissue, moderately infiltrated with chronic inflammatoiy cells. In 
one area, where the inflammatory cell infiltration is especially 
marked, necrotic tissue is present in which polymorphonuclear 
leucocytes are noted. In another similar area, the central portion 
is composed of large mononuclear cells surrounded by a dense 
collar of lymphocytes. Newly formed blood vessels are present in 
many of these inflammatory cell collections. It appears that these 
areas represent various stages in the formation of a “tubercle,” 
from necrosis to connective tissue hyalinization. 

Most of the meningeal vessels show a thickened adventitia, 
heavily infiltrated with inflammatory cells. There are all grada- 
tions between a thick collar of l3miphocytes, in which very little ad- 
ventitia is recognizable, to a thick collar of adventitial connective 
tissue heavily infiltrated with inflammatory cells. Several of the 
brain stem vessels show a partial replacement of the media by con- 
nective tissue with marked subintimal connective tissue prolifera- 
tion. Inflammatory cells are present throughout the entire thick- 
ness of the wall in these instances. Where branches of the meningeal 
vessels pierce the cortex, a perivascular collar of inflammatory 
cells accompanies the vessels. Many of the cortical and sub- 
ependymal vessels show perivascular collections of lymphocytes. 
This phenomenon is virtually confined to these two areas of brain 
substance. There are two small areas of softening in the brain 
stem. One submeningeal area shows vacuolization of cells, edema. 
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December 15, and their sera agglutinated the Brucella organism in 1:1280 and 
1:5120 dilutions, respectively. It was knovra before inoculation that their sera 
contained no agglutinins for the Brucella group. 

Blood: The white blood cells varied from 9,200 to 15,900. There were 87 
polymorphonuclear leucocytes, 10 l3Tnphoid cells, and 3 large mononuclear cells. 

Urine: There was nothing abnormal about the urine. 

Spinal Fluid: The spinal fluid pressure was 52. On March 20, 1931, the 
fluid contained 300 cells, 36 per cent of which were lymphocytes. On May 7, 
1931, there were 271 cells, only 12 per cent of which were polymorphonuclear 
leucocytes. Fluid obtained between Oct. 7, 1931, and time of the patient’s 
death was markedly bloody in each instance. TWs bloody spinal fluid contained 
no reducing substace. 


Postmortem Examination 

The spleen weighed 175 gm. With the exception of three small 
hemorrhages in the visceral pericardium, and obvious emaciation, 
the gross findings were confined to the central nervous system. 

Liquid and clotted blood filled the subarachnoidal space at the 
base of the brain from the optic chiasma to the brain stem, inclusive. 
Hemorrhage completely surrounded the brain stem and was con- 
tinuous with the blood clot which filled the cistema magna, fourth 
ventricle, aqueduct of Sylvius, and third ventricle. Except for ac- 
cumulations of blood covering both gyri and sulci over the occipital 
lobes, left Sylvian fissure and the tip of the left temporal lobe, the 
hemorrhage in the subarachnoidal space of the cerebral hemispheres 
was in the sulci. The leptomeninges of the anterior and central por- 
tions of both superior surfaces of the cerebral hemispheres contained 
a number of grayish white “tubercles.” Most of these were found 
definitely clustered along vessels. Blood, which fiUed the entire 
spinal subarachnoidal space, obscured aU evidences of a meningitis. 

After the brain was fixed in 10 per cent formalin, the cerebral and 
cerebellar peduncles were severed so that the pons, medulla and 
fourth ventricle were obtained in one piece. This was sectioned 
coronally without disturbing the subarachnoid hemorrhage. An 
aneurysm which measured 9 by 6 by 6 mm. arose from the dorsal 
surface of the proximal portion of the basilar artery. The major 
portion of the sac lay superior to its point of attachment to the basi- 
lar artery. A short pedicle, containing a channel i mm. in diameter, 
connected the lumina of the sac and artery. The aneurysm, the 
basilar artery and the vertebral arteries, all lay embedded in blood. 
Examination of the cerebral hemisphere revealed somewhat dilated 
lateral ventricles and a granular ependyma. A small amount of 
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demonstrated by Doctor Sanders.” He found what he believed were meningo- 
cocci, and the patient received antimeningococcic therapy. After the patient’s 
return home, he was treated with vaccine prepared from an autogenous and 
stock strain of the Brucella organism, with what appeared to be quite a satisfac- 
tory result. Trouble with his eyes (diplopia) when looking to either side, ears 
(some impairment of hearing and throbbing in his ears), and headaches had, 
however, not entirely disappeared and lumbar puncture was at times necessary 
for relief. On Sept. 30, 1931, he became nauseated, vomited, and for two days 
had a temperature of 105° F, A low-grade fever had persisted since that time. 
Physical examination on admission to the University Hospital Oct. 7, 1931, dis- 
closed nothing abnormal, except for prominence of the eyes, a 20 pound loss of 
weight, and a somewhat unsteady gait. 

Subsequent Course: On October 25, there was a moderate occipital headache, 
and a lumbar puncture was done to relieve it. The patient became faint and had 
a convulsion. The pupils were dilated and fixed. There were two similar con- 
vulsions at 3.53 and 3.57 p.m., respectively. The fluid obtained at 4.00 p.m. was 
bloody. At 5.00 P.M. he was crying and tossing about. At 6.10 p.m. another con- 
vulsion occurred. The next monung at 2.10 a.m. he became stuporous and had 
deep, difficult respirations at the rate of 32 per minute. The pulse rate was 120, 
On October 27, definite choked discs and retinal hemorrhages were observed. 
On October 28, he was conscious and oriented, but weak. There was a dull ache 
in the back of the neck and he felt stiff all over. On the same day he was smok- 
ing and answered questions quickly and accurately. He complained of a stiff 
neck and of an occipital and suboccipital headache. On October 29, at 4,00 a.m., 
the pulse became imperceptible. Respirations were deep and sighing. The pulse 
returned shortly afterward at a rate of 120. On November i, the head was re- 
tracted and the neck was stiff. The patient died suddenly on Nov. 3, 1931, at 
7.40 A.M. 

Laboratory Data: 

Bacteriology: On March 20, 1931, Gram-negative organisms were found in 
the spinal fluid, which were interpreted as meningococci. A few days later a cul- 
ture of the fluid examined at Johns Hopkins Hospital yielded a melitensis or- 
ganism. On May 7, 1931, a Brucella melitensis var. porcine was isolated from the 
spinal fluid. On Oct. 26, 1931, five drops of uncentrifugalized spinal fluid on 
culture yielded no growth, while five drops of centrifugalized sediment yielded 
only seventeen colonies, which, when typed by Huddleson’s bacteriostatic dye 
method, were proved to be Brucella melitensis var. porcine. On November 2, a 
similar organism was isolated from the spinal fluid. The fluid from the puncture 
on Oct. 26, 1931, was inoculated into two guinea pigs (“A” and “B”). The 
“B ” pig was killed and autopsied after six weeks. Enlarged suppurating glands 
were found in the groin, the spleen was twice the normal size, and areas of necro- 
sis were found in the liver and spleen. Organisms isolated from the lesions of 
this guinea pig proved to be Brucella melitensis var. porcine. The other pig, 
“A,” was permitted to live and remain under observation. 

Serology: On July 7, 1931, the patient’s serum agglutinated the organism 
isolated from the spinal fluid, as well as a stock strain of Brucella in 1:160 dilu- 
tion, On Oct. 22, 1931, the patient’s serum agglutinated the stock strain of 
Brucella in 1 :20 dilution, and the autogenous strain in 1 140 dilution. The spinal 
fluid agglutinated the stock strain in 1:5 dilution, and the autogenous strain in 
I :io dilution. The organism in the spinal fluid was agglutinated by known Bru- 
cella serum in a dilution of 1:1280. Guinea pigs “A” and “B” were bled on 
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phagocytosed hemosiderin, inflammatory cell infiltration and snarled 
glia. The other, located 2 mm. from the meninges, is a more recent 
lesion composed mostly of large mononuclear cells, lymphocytes and 
cellular debris. A hyaline thrombus is noted in a small vessel. 

The ependyma is irregular, due to rounded elevations and crypt- 
like depressions. Proliferation of ependymal cells, especially over 
the elevations, is noted. In some areas complete replacement of 
the ependyma by inflammatory cells and cellular debris is present. 
There is a small subependymal area of focal necrosis. 

Inflammatory cells are present in the perineureii of the nerve 
roots. The central portion of one nerve fimiculus is hydropic and 
the periphery shows condensation of nerve fibers, some of which 
are swollen. . 

Discussion 

The spinal fluid is the important consideration in the study of 
melitensis meningitis. Lemaire made much of the increase of sugar 
in the spinal fluid. Desage and coworkers foimd opposite results. 
All are agreed that a mononuclear pleocytosis of the spinal fluid, the 
number of cells being frequently below 100 per cmm., is a very im- 
portant consideration in the study of the spinal fluid of these cases. 
This has held true in our case, with the exception of the possibility of 
a polymorphonuclear preponderance early in the disease. The in- 
formation on the counts of proved cases is tabulated below. 


Author 

Cells per 

cc. 

Polymor- 

phonuclear 

leucocytes 

Mononuclear 

cells 

Large mono- 
nuclear leu- 
cocytes 

Small mono- 
nuclear leu- 
cocytes 

Lympho- 

cytes 

3 

25 

Per cent 

Per cent 

100 

per cent 

per cent 

per cent 
100 

3 

22s 

, . 

100 

, , 

, . 

100 

3 

180 

2 

98 

. . 

. . 

98 

4 

50 

16 

84 

43 

27 

14 

4 

60 

12 

88 

32 

38 

18 

II 

300 

64 

36 

. . 

. . 

36 

11 ' 

70 

. « 

. , 

. . 

. . 

« . 

II 

271 

12 

1 

88 
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The central nervous system involvement may be the first and only 
clinical manifestation of the disease. Of the proved and probable 
cases, eleven were preceded by the septicemia symptoms character- 
istic of Malta fever; in three the disease was manifested only by a 
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blood was present in the tips of the ventricular horns. A firm, lam- 
inated blood clot completely filled the third ventricle. 

Histological Examination 

Histological examination of the viscera reveals considerable 
amounts of phagocytosed hemosiderin in the lungs and a few small 
focal areas of necrosis in the liver. 

The. nervous system presents changes due to a mild injurious 
agent. Both the pia and the arachnoid show various degrees of 
thickening, due largely to an inflammatory cell infiltration and a 
connective tissue proliferation. The inflammatory cells are largely 
lymphocytes and plasma cells, with a moderate number of large 
mononuclear cells. A few polymorphonuclear leucocytes are noted. 
Serial sections of several of the meningeal “tubercles” reveal that 
they are composed of irregular masses of hyalinized connective 
tissue, moderately infiltrated with chronic inflammatory cells. In 
one area, where the inflammatory cell infiltration is especially 
marked, necrotic tissue is present in which polymorphonuclear 
leucocytes are noted. In another similar area, the central portion 
is composed of large mononuclear cells surrounded by a dense 
collar of lymphocytes. Newly formed blood vessels are present in 
many of these inflammatory cell collections. It appears that these 
areas represent various stages in the formation of a “tubercle,” 
from necrosis to connective tissue hyalinization. 

Most of the meningeal vessels show a thickened adventitia, 
heavily infiltrated with inflammatory cells. There are all grada- 
tions between a thick collar of lymphoc>’’tes, in which very little ad- 
ventitia is recognizable, to a thick collar of adventitial connective 
tissue heavily infiltrated with inflammatory cells. Several of the 
brain stem vessels show a partial replacement of the media by con- 
nective tissue with marked subintimal connective tissue prolifera- 
tion. Inflammator}'- cells are present throughout the entire thick- 
ness of tlie wall in these instances. Where branches of the meningeal 
vessels pierce the cortex, a perivascular collar of inflammatory 
cells accompanies the vessels. Many of the cortical and sub- 
ependjTnal vessels show perivascular collections of banphocyaes. 
This phenomenon is virtually confined to these two areas of brain 
substance. There are two small areas of softening in the brain 
stem. One submeningeal area shows vacuolization of cells, edema, 
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the feeding of a limited number of organisms, or by the diffusion of 
the bacterial poisons from the localized process into the spinal fluid, 
or by both mechanisms, a chronic meningitis may be produced. 
These are atypical cases, but must be kept in mind. Here we con- 
sider diffuse infection of the meninges by widespread distribution of 
the causative organism in the subarachnoidal space, which results in 
a chronic meningitis. The Eemophihis influenza group of organ- 
isms, the Treponema pallidum, the Mycobacterium tuberculosis, and 
the Torula histolytica are well known as causative agents in chronic 
meningitis. To this group we must now add meningitis due to the 
organism of the Brucella group. Involvement of the meninges by 
members of the Hemophilus influenza group is easily recognized. 
The symptoms are more acute than in any of the other four types 
mentioned. The inflammatory cell in the spinal fluid is the polymor- 
phonuclear leucocyte. The course of the disease is usually that of a 
basilar meningitis of about a month’s duration before resulting in 
death. The tuberculous meningitis is very similar, except that evi- 
dence of meningeal irritation is not so severe. Headache is some- 
times a distressing symptom. The course of the disease averages 
about six weeks in duration, and usually terminates in death. Mono- 
nuclear cells usually predominate in the pleocytosis of the spinal 
fluid, but counts of 75 per cent of polymorphonuclear leucocytes may 
obtain in tuberculous meningitis. Torula infection is accompanied 
by severe headaches and at times marked evidence of intracranial 
pressure. So marked is the intracranial pressure that the slightly 
stiff neck and pleocytosis of the spinal fluid are disregarded, and 
brain tumor is erroneously diagnosed. The cells in the spinal fluid 
are chiefly mononuclears and the yeast-Hke organisms may be mis- 
taken for cells in the fluid, unless one is on guard. Torula meningitis 
proves fatal in about six months. The symptoms of syphilitic men- 
ingitis and melitensis meningitis are frequently nothing more than a 
severe headache. Both diseases tend to recover. The melitensis 
meningitis is associated with startling, but evanescent, central ner- 
vous system symptoms such as hemiplegia, paraplegia, aphasia, 
diplopia and so on. There is a mononuclear increase in the spinal 
fluid in both instances, which may rise to several hundred cells. It is 
hardly worth while to go more extensively into the clinical dif- 
ferentiation of these conditions. Enough has been said for an intelli- 
gent approach to a definitive diagnosis through an accurate study of 
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meningeal irritation. The central nervous system involvement as 
the initial phenomenon of the disease renders the spinal fluid study 
extremely important. The blood may contain no agglutinins and the 
association of a meningitis with Malta fever may be overlooked. 
But the finding of the organism in the spinal fluid, the testing of its 
pathogenicity on guinea pigs, and the differentiation of the organ- 
ism according to the bacteriostatic dye method of Huddleson, which 
constitute the only way to make certain a diagnosis, may be regu- 
larly accomplished. In no individual case is it safe to assume that a 
patient is suffering from Malta fever or melitensis meningitis on the 
basis of an agglutination titer alone. Many people have serum agglu- 
tinins for the Brucella group, with no symptoms. Here, as in other 
conditions, the agglutination reaction may lead one to an incorrect 
diagnosis, with disastrous results. We are too prone these days to 
accept an agglutination result as the determining factor in the diag- 
nosis of the current illness. No procedure is comparable in trust- 
worthiness to the isolation and identification of the organism, when 
this is possible. The isolation of the organism is relatively simple in 
melitensis meningitis if we keep in mind the fact that only a few 
organisms are present in a' cubic centimeter of spinal fluid. It is gen- 
eral experience that the use of 10 cc. of inoculum has regularly 
yielded positive results. Our only failure in obtaining the organism 
was accounted for by too meager an inoculation. Desage and co- 
workers, and Lemaire, strongly emphasize this point. 

The headache, the diplopia, the transitory paralyses, and the 
throbbing in the ears are outstanding in the course of the disease. 
Convulsions may occur. Desage used X-ray therapy successfully to 
relieve a paraplegia which he believed was due to adhesions of the 
spinal cord. Recovery was rapid following this therapy. The case 
report by Hughes mentions congestion as the only morbid anatom- 
ical change in the central nervous system. Our case showed no 
pathology which would cause a paraplegia, as Desage assumed. 
Other untreated cases, as well as our own, recovered from these 
paralyses equally as satisfactorily as the case described by Desage. 
It is conceivable that the encephalitis, and particularly the edema of 
nerves with swelling of nerve fibers, as evidenced in our case, might 
lead to the evanescent symptoms observed in this disease. 

Any organism may be localized in the pia-arachnoid or in the 
larger vessels at the base of the brain for a long period of time. By 
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Plate 77 

Fig. I. Photograph of the ventral surface of the brain. Note the subarachnoid 
hemorrhage, especially over the base. The brain stem is completely en- 
circled with blood. The basilar artery is not visible. 

Fig. 2. Drawing of the superior cerebral surfaces. Note the clusters of “tuber- 
cles” located largely along vessels in the sulci. 

Fig. 3. Photograph of a coronal section through the pons and fourth ventricle. 
Note the basilar artery and its aneurysmal sac embedded in blood clot. 
The fourth ventricle is filled with blood clot. 

Fig. 4. Same as Fig. 3, after removal of fourth ventricle blood clot. Note the 
blood-stained ependyma. (Arrow i indicates basilar artery; Arrow 2 indi- 
cates aneurysm.) 

Fig. 5. Photograph of coronal section through pons and fourth ventricle su- 
perior to Fig. 3. Note the superior extension (2) of the sac between the 
artery (1) and the pons. 
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the blood, and particularly of the spinal fluid, from an immunologi- 
cal and bacteriological standpoint. 

Summary and Conclusions 

1. A case of melitensis meningo-encephalitis is reported, with a 
review of the related literature. 

2. A mycotic aneurysm due to Brucella melitensis var. porcine was 
the immediate cause of death. 

3. According to the literature and in our own case as well, isola- 
tion of the organism from the spinal fluid is relatively simple, if ap- 
proximately 10 cc. of inoculum is used. 

4. Headache and evanescent paralyses are important central 
nervous system manifestations, and mononuclear pleocytosis is an 
outstandinig feature of the spinal fluid. 
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Plate 78 


Fig. 6 . Photomicrograph of cerebral cortex. Note the dense perivascular 
lymphoc3dic infiltration, x 200. 

Fig. 7. Photomicrograph of meninges and submeningeal area of necrosis of the 
brain stem. Note the vacuolization and glial replacement. Large “spider” 
cells are present. The pia is markedly thickened and heavily infiltrated 
with inflammatory cells, x 200. 

Fig. 8. Photomicrograph of area of necrosis in brain stem. Note the large 
numbers of macrophages in the area of tissue liquefaction, x 200. 






Plate 79 

Fig. 9. Photomicrograph of meningeal vessel showing a dense collar of lym- 
phoc3^tes. X 200. 

Fig. 10. Photomicrograph of a small brain stem arterjL Note the increased 
adventitial connective tissue heavily infiltrated with inflammatorj^ cells 
and the marked destruction of the media with connective tissue replace- 
ment. Definite endarteritis is present, x 200. 
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Plate 78 



































Plate 8o 


Fig. II. Photomicrograph of the leptomeninges through a “tubercle” area. 
Note the marked thickening, inflammatory cell infiltration, connective 
tissue proliferation, the somewhat acellular hyaline area representing the 
tubercle, and the pia-arachnoid fusion, x 55. 

Fig. 12. Photomicrograph of a funiculus of a nerve root. Note the central 
hydropic area with a peripheral condensation of fibers, x 200. 



AinsKicAN Journal op Pathology. Vol. VIII 
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had undergone operations for resection of the primary tumor. Un- 
fortunately Simmons does not describe the histological structure of 
the nodules in the lungs. In the instance reported by Ewing of an 
adamantinoma with metastases to the lung, the histological struc- 
ture of the metastatic deposits was that of a malignant growth. 

The following instance of an adamantinoma is reported because of 
the unusual metastatic lesion in the lung. 

Case Report 

An adult of 38 years was admitted to Montefiore Hospital on Sept. 3, 1930, 
with the chief complaint of a productive cough. Twenty-one years prior 
to the present admission, he first noted a lump in the right upper jaw. At 
that time excision of the tumor was attempted and five subsequent operations 
were performed, due to recurrence of the local lesion. In 1925 a small, soft, 
reddish tumor of the right upper jaw in the scar of a previous operation was 
removed at the Haggard Clinic in Nashville, Tenn. The area was cauterized and 
radium needles were implanted in the surrounding tissues. Pathological ex- 
amination at that time showed the tumor to be an adamantinoma. A few 
months later a radical excision was performed. At the time of the operation the 
antrum was filled with a brain-like material which penetrated into the nasal 
cavity and involved the septum. Intensive radium treatment was given and the 
local condition healed. For a period of five years following this operation there 
was no evidence of recurrence locally. Two years ago, however, after an at- 
tack of “dry pleurisy,” which confined the patient to bed for three weeks, he 
developed a productive cough with occasional blood-streaked sputum. About a 
year ago he complained of progressive weakness, anorexia, marked loss of 
weight and pain in the right hip. An X-ray of the chest taken at the Lebanon 
Hospital revealed a dense mass in the lower lobe of the right lung, extending 
from the sixth rib to the diaphragm and obscuring the right half of the latter. 
In the base of the left lung a circumscribed, moderately dense nodule the size of a 
large marble was also noted. Nothing abnormal was revealed in the X-rays of 
the right hip, pelvis and vertebral column. He was transferred to Bellevue Hos- 
pital where he received X-ray therapy for the lung condition. 

At the time of admission to Montefiore Hospital, examination of the patient 
revealed a transverse and vertical scar on the right cheek. There was evidence 
of a partial resection of the hard palate and the right upper jaw, with a fairly 
large cavity in the roof of the mouth on the right side, measuring about 3 by 3 by 
3 cm. opening into the nasopharynx. There was no evidence of recurrent growth. 
On examination of the chest there was a slight retraction of the fourth, fifth and 
sixth intercostal spaces over the right anterior wall. Expansion was slightly 
limited on the right side. Vocal fremitus was increased anteriorly from the third 
intercostal space downward and markedly diminished from the level of the 
eighth dorsal vertebra to the base. There was flatness posteriorly from the 
apex of the axilla to the seventh dorsal vertebra. Posteriorly the breath sounds 
were entirely absent below the seventh dorsal vertebra. Examination of the 
rest of the body revealed no abnormalities. 

Nine months after admission the patient developed a septic temperature and 
signs of an empyema on the right side. A thoracotomy was performed and three 



AN INSTANCE OF ADAIVIANTINOMA OF THE JAW \\T;TH 
METASTASES TO THE RIGHT LUNG* 


Jefferson Vorfisier, M.D., and David Perxa, M.D. 
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Since Guzack ^ in 1826 described the first case of cystic tumor of 
the lower jaw,t and Falkson ^ in 1879 gave the first full account of 
this condition, at least 130 cases of adamantinoma have been re- 
corded. Adamantinomas are tumors probably arising from 
the so-called “paradental epithelial debris,” first described by 
Malassez.^^ The enamel organ develops by a downward growth of 
the gingival epithelium. All of the epithelium of the enamel organ, 
except its internal layer, undergoes atrophy and is absorbed. Oc- 
casionally these cells persist and it is believed that they are the his- 
togenetic precursors of adamantinomas. The structure of the ada- 
mantinoma closely resembles the embryonal enamel organ. 

Most investigators consider the adamantinoma a benign tumor.^ 
It may, however, undergo malignant transformation, and where this 
occurs metastases having the histological structure of the malignant 
growth have been reported (Aschoff,^ Ewing,^^ Kaufmann,^ Heath,^® 
Krompecher,-*' and others). Such malignant transformation de- 
velops usually after several local recurrences, following repeated 
excisions. From an analysis of the literature it is apparent that 
metastases from an adamantinoma are extremely uncommon. Eve 
in 1S83 described an unusual instance of a cystic tumor of the lower 
jaw of thirteen weeks’ duration in a woman 60 years of age, who died 
of postoperative bronchopneumonia. Metastases to the lumbar 
l>mph nodes were noted. Simmons in 1927 reported two cases of 
adamantinoma witli metastases. In one instance the metastases were 
in the regional lymph nodes, appearing fourteen years after the onset 
of the disease. In the second instance metastases were present in the 
glands of the neck and in the lungs. In both instances the patients 

* Received for publication March iS, 1932. 

t Scultcr, cited by Albarran, J., Rev, de chir., iSSS, 8, 429, is said to have described 
cj^sts of the Jw in 1654. 

I Cor],‘l!os (ref. 3), gives a complete bibliography of the literature on this subject up 
to Uieycar 1910. 
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cavity. The right lung was closely adherent over the lower lobe pos- 
teriorly, laterally, and at the base. 

The heart was not enlarged, and weighed 260 gm. The parietal 
pericardium adjacent to the lower lobe of the right lung was closely 
adherent to it. There was a moderate amount of epicardial fat 
which was well defined from the musculature. The myocardium was 
reddish brown in color and firm in consistence. The right auricle and 
ventricle presented no abnormalities. An occasional small, yellowish 
patch was seen through the endocardium in the right ventricle. The 
endocardium of the left auricle was somewhat opaque and grayish. 
Attached to the auricular surface of the aortic cusp of the mitral 
valve, by a broad base which measured 1.5 cm. in diameter, was 
a lobulated mass about the size of an olive. It had a somewhat 
smooth, greenish gray surface to which was adherent some dark red, 
clotted blood. The mass was fairly firm, somewhat elastic and 
quite friable. Most of the chordae tendineae of the aortic leaflet 
were markedly thickened and on the aortic surface of the aortic 
leaflet directly opposite the polypoid mass there was a punched out 
ulceration about i cm. in diameter. Its edge was fairly smooth and 
was covered in places by a small amount of grayish, friable material. 
The base of this ulcer around the periphery could be probed for a dis- 
tance of about 8 to 10 mm. into the polypoid mass. In the central 
portion at a depth of 2 to 3 mm. a greenish gray mass similar to that 
of the polyp was present. This material was adherent to the lower 
margin of the ulceration. Clotted blood was removed from the 
ulcerated region. The tips of the papillary muscles were firm, and 
gra3dsh white in appearance. There were many grayish streaks seen 
in the endocardium of the left ventricle. 

The upper and middle lobes of the right lung were crepitant 
throughout. The pleura was smooth and glistening and presented no 
abnormalities. On section, the surface was reddish gray, mottled 
with anthracotic pigment with an occasional darker red area of con- 
gestion. A large amoimt of well aerated serous fluid and blood 
exuded on pressure. Bronchi and pulmonary vessels of these lobes 
presented no abnormalities. 

The entire posterior part of the lower lobe was torn on removal, 
with marked destruction of the parenchyma. There was a large area 
in the upper anterior portion which was firm and iion-crepitant. On 
section, the lung pattern was completely distorted and the alveolar 
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subpleural abscess cavities were drained. Following this his temperature 
dropped to normal. On histological examination of the tissue removed at opera- 
tion a diagnosis of metastatic adamantinoma was made. Three months later he 
had a hemoptysis of 5 oz. of bright blood and continued to have blood-streaked 
sputum. A bronchoscopic examination, which was performed at that time, re- 
vealed a growth blocking the bronchus leading to the right lower lobe, from 
which bright red blood was oozing. Section from the tumor revealed the struc- 
ture of an adamantinoma, Tw'O days later he developed chUls and a septic tem- 
perature, and for the first time a sj'stolic and diastolic murmur were heard over 
the apex of the heart. There was no evidence of cardiac enlargement. An 
acneiform eruption then appeared over the chest and back. A culture of Strep- 
tococcus viridans was isolated from the blood stream. The patient became irra- 
tional and died. 

Laboratory data showed no important findings other than the positive blood 
culture. Roentgenological examination of the maxillae and mandibles revealed 
no gross pathological changes other than tliose caused by the operative excision 
of the right upper maxilla. The mass in the right lung decreased slightly in size 
following a course of radiotherapy but subsequently again increased in size. The 
small nodule in the left base, after slightly increasing in size, completely dis- 
appeared. Roentgenological examination of the skull and skeletal system re- 
vealed no abnormalities. 


Autopsy Report 

Anatomical Diagnoses: Adamantinoma of the right upper jaw 
(postoperative) with metastases to the lower lobe of the right lung; 
polypoid thrombus attached to the auricular surface of the mitral 
valve with perforation of the leaRet; Streptococcus viridans septicemia 
with localization of the streptococci on the thrombus; splenomegaly; 
chronic passive congestion of the viscera; bronchopneumonia of the 
right lower lobe. 

The body was that of a well developed, well nourished, adult white 
male about 165 cm. in length. There were a few petechiae in the in- 
ferior conjunctival sac of the right eye. There was anemia of the con- 
junctivae and lips, and cyanosis of the nail beds. There were no pal- 
pable lymph nodes in the neck, axilla or groin. Extending backward 
from the right angle of the mouth for a distance of about 2 inches 
there was a healed scar. The right cheek sagged inward as most of 
the maxilla and antrum wall had been removed from the right lateral 
incisors backward. The mucous membrane of the right cheek pre- 
sented a healed scarred appearance. There was no evidence of 
ulceration. On opening the chest and abdomen, the dome of the 
diaphragm reached the third intercostal space on the right side and 
the fourth rib on the left. There was no fluid or air in either pleural 
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leukocytes. Occasionally in some areas the polymorphonuclear 
leukocytic infiltration predominates. 

The thrombus on the auricular surface of the aortic leaflet of the 
mitral valve shows tissue composed of necrotic material. Large 
masses of bacteria and fibrin are present and the base of the polypoid 
mass contains very dense cellular connective tissue which is partly 
hyalinized. The tissue is markedly vascularized with small capil- 
laries which are congested, There are numerous round cells and 
polymorphonuclear leukocytes. 

Sections through portions of the lung uninvolved with tumor show 
extensive edema and congestion of the vessels. In some areas alveoli 
are filled with large mononuclear cells which contain brown pigment. 
Occasionally these cells are fused to form giant cells with nuclei 
arranged eccentrically. 

An area of consolidation of the upper portion of the right lower 
lobe shows extensive fibrosis, atelectasis and atypical epithelial pro- 
liferation in some of the infundibula, and alveoli in the fibrotic areas. 
The wall of a bronchus shows very marked dilatation of the lumen 
(bronchiectasis), striking inflammation of the wall with extensive in- 
filtration of round cells, polymorphonuclear leukocytes and newly 
formed blood vessels. One of the large blood vessels shows some 
thickening of the wall with adherent thrombotic material in the 
lumen. Areas of bronchopneumonic exudate are present. 

Section through tumor of lung shows large irregular islands of 
tumor cells separated by dense fibrous connective tissue. These 
tumor masses have an outer layer composed of elongated cylindrical 
epithelium arranged in a vertical orientation to the surface. Oc- 
casionally there are two layers of ceUs of this type. The rest of the 
tumor masses are composed of spindle-shaped and round cells in a 
very loose meshwork of fine fibrillar connective tissue. The cyto- 
plasm of the cells within the core of the nodules is scanty. An oc- 
casional fine process can be seen definitely radiating outward, com- 
municating with similar processes in other cells (star-shaped cells). 
In the center of some of the islands within the core of the tumor mass 
the cells are arranged in a whorl resembling the beginning of epi- 
thelial pearl formation. An occasional small, cyst-like space is pres- 
ent TOthin the tumor masses. There is no evidence of a malignant 
transformation. There is a striking similarity between the histologi- 
cal structure of this tumor tissue and that of the enamel organ of a 
four month fetus. 
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portions were markedly diminished in amount and obscured. The 
bronchi were dilated and very prominent. In the lower portion of the 
lobe they formed large bronchiectatic cavities with smooth-ribbed 
walls and with bands running through them. The whole bronchial 
tree, wherever it was intact, was plugged with a cast composed of 
fairly firm, somewhat friable, grayish white tumor tissue. In some 
areas this plug measured 2 to 2.5 cm. in diameter. Although for the 
most part this cast lay free in the bronchi, in some areas the walls of 
the bronchi seemed to be invaded. The cartilages of the larger 
bronchi were somewhat thickened in some areas and in others 
thinned out. There was an occasional large patch of the remaining 
alveolar portion which was completely replaced by tissue similar to 
that found in the bronchi. This tissue seemed to invade the bron- 
chial wall and in places the mucosal surface was raised by irregular, 
grajdsh white patches. The upper anterior portion of this lobe was 
completely consolidated. On section the surface was yellowish gray 
and translucent, with areas of necrosis and many small cavities sur- 
rounded by reddish zones. 

The left lung was similar to the upper and middle lobes of the right 
lung, with the exception of a small nodule foimd in the middle of the 
lower lobe. This nodule was about 1.5 cm. in size, well defined from 
the rest of the parenchyma, and seemed to be composed of firm yel- 
lowish material. There was a small amount of fibrosis around it. 

The spleen weighed 220 gm. and measured 14.5 by 9 by 3.5 cm. 
The organ was enlarged, soft and somewhat flabby in consistence. 
The capsule was bluish gray in color and presented no abnormalities. 
On section the surface was purplish red in color with many irregular 
areas of hemorrhage and congestion. The corpuscles were indistinct 
but the trabeculae were quite prominent. The pulp scraped with 
ease on the edge of the knife. 

There were no other abnormalities found in the rest of the viscera, 
other than chronic passive congestion. 

Histological Examination 

On microscopic examination the heart shows fragmentation of 
muscle fibers, cloudy sweUing, small areas of perivascular edema and 
round cell infiltration, foci of cellular infiltration between muscle 
fibers composed of roimd cells and occasional polymorphonuclear 
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3. The growth of the tumor in the bronchial tree with the develop- 
ment of distention bronchiectasis further supports the theory of 
intrabronchial spread. 

4. Both the gross and microscopic appearance of the metastasis 
closely resemble the primary benign growth in the jaw. Histologi- 
cally, the section of the tumor in the lung is that of an ordinary 
adamantinoma. 

5. There was no local lymph node involvement, and no metasta- 
ses were found elsewhere in the body. This suggests some other 
method of spread of the secondary deposit than via the blood stream 
or lymphatics. 

If the tumor was transplanted by aspiration it is necessary to as- 
sume that the tumor cells grew in the bronchial mucus secretion and 
in the mucosa. Histogenetically, adamantinoma cells arise from cells 
which are the precursors of enamel-forming tissue. While no similar 
or analogous instance of growth of tumor cells in such a tissue cul- 
ture medium in vivo is known to the authors, it is probable that these 
cells are particularly hardy in their capacity to withstand adverse 
conditions. 


Summary 

An instance of adamantinoma of the jaw with metastases to the 
lung is reported. The bronchi of the lower lobe were markedly di- 
lated and their lamina filled with a cast of the tumor tissue. In 
places the parench3maa of the lung was invaded. It is suggested that 
the tumor tissue was aspirated into the lung from the primary tumor, 
via the trachea and bronchial tree, and grew primarily within the 
lumina of the bronchi. No similar metastatic lesion of an adaman- 
tinoma in the lung was found reported in the Hterature. 
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Other portions of lung where the tumor fills the bronchus and in- 
vades the surrounding tissue show that the tumor within the lumen 
of the bronchus is identical with that described above. In addition 
there are small areas of hemorrhage and necrosis. In other areas 
tumor is seen in the surrounding pulmonary tissue, invading the wall 
.of the bronchus from within and encroaching on the cartilage within 
the bronchial wall. At the points where the tumor tissue invades the 
cartilage the tumor cells maintain their original adamantinomatous 
structure. 

The nodule in the left lower lobe is composed of a very necrotic 
hyalinized material surrounded by cellular granulation tissue which 
is well vascularized. No evidence of tumor is present in the necrotic 
nodule. The surrounding lung tissue is congested and in places 
atelectatic and fibrotic. 

The spleen shows evidence of marked congestion. The follicles are 
small, arterioles thickened. There are many cellular elements in the 
sinuses, some of which are plasma cells and round cells. An oc- 
casional eiythrophagocyte is observed. 

Discussion 

From the review of the literature it is apparent that adamanti- 
nomas rarely metastasize. The presence of a large, secondary focus 
in the lung showing the histological structure of an apparently be- 
nign adamantinoma, in the instance reported in this communication 
is, therefore, imusually interesting. 

The peculiar structure of the tumor in the lung was striking. The 
tumor filled the bronchial tree of the right lower lobe in a cast- 
like form and markedly distended the lumina of the bronchi. 
The bronchiectasis resulting from the inner pressure was extreme. 
The parenchyma, in places, and the pleura were extensively in- 
vaded. In view of this unusual manner of growth of the tumor it is 
suggested that tumor cells were aspirated from the primary focus in 
the jaw. In favor of this hypotliesis are the following facts. 

1. Such aspiration of tumor tissue was possible since the primary 
tumor in the upper jaw extended into the antrum and impinged on 
the nasopharjmx. Furthermore, the patient had imdergone several 
operations in which a general anesthetic had been administered. 

2. The secondary tumor in the lung was present only in the right 
lower lobe. Jackson found that aspirated foreign bodies lie most 
frequently in this site. 



DESCRIPTION OF PLATES 


PlATE 8r 

Fig. I. Tumor cast in a bronchus, x 30. 

Fig. 2. Section through tumor cast showing the histological appearance of 
adamantinoma, x 120. 
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Plate 82 

Fk;. 3. Same as Fig. 2. Higher magnification, x 440. 

Fir., 4. .-Vdamantinomatous tissue invading the cartilage of a bronchus. 

1 - l;. 5. Xodule in left lung showing h3'aline degeneration with connective tissue 
capsule. X 30. 
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layer of connective tissue of the in tuna in children as a type of 
hyperplastic thickening. 

More definite advance in our knowledge of arteriosclerosis will be 
made, in the opinion of Klotz, by a careful analysis of its very early 
stages, particularly those occurring in childhood. Indeed, by the 
twentieth year of life the picture generally is too complex to allow a 
proper appreciation of the real factors concerned in the pathology of 
this disease. Upon his suggestion I investigated the aortas of twenty 
children between the ages of 2 days and 10 years, having in mind the 
pathological changes previously reported in infectious diseases 
(Klotz,^ Stumpf,® and Klotz and Manning^®). The material was 
obtained, by the courtesy of Dr. I. H. Erb, from recent autopsies at 
the Hospital for Sick Children, Toronto, Canada. As the work pro- 
gressed, it was found that developmental changes were the most in- 
teresting feature in such material, since there is so little about them 
in the literature, and since they were so striking in the group of 
children I examined. 

Methods 

In most cases the whole aorta was available. The material was 
fixed in 5 per cent formalin. The vessel was carefully handled when 
in the fresh state and was never washed in water or injured by rough 
usage. Five specimens from each case were examined. Portions 
were taken from the ascending aorta near the aortic valves, from the 
transverse aorta near the origin of the innominate artery, from the 
thoracic aorta between the fourth and fifth pair of intercostal ar- 
teries, and from the abdominal aorta above the origin of the co mm on 
iliacs. As a rule the aorta was cut longitudinally before being fixed. 
In a few cases, the entire aorta was fixed before opening. T his was 
done in order to avoid artefacts resulting from shrinkage, with con- 
sequent apparent thickening of the intima. In other cases, portions 
of the aorta were submitted to a considerable over-distention while 
being fixed, the ends of the vessel being tied to a lightly bent rubber 
tube, which was distended and maintained in a straight position by 
attaching it to a glass rod, and the whole was then immersed in 
formalin. The anterior and posterior parts of the vessel were always 
carefully determined before removing blocks for section. Complete 
transverse sections were obtained in most cases. 

Frozen sections were employed, and the following stains were 
used on each specimen; Schultz’ stain for demonstrating the mucoid 



■ TRANSIENT PACHYMENIA OF THE INTIMA OF THE AORTA 
WITH REFERENCE TO JIAOSNILE ARTERIOSCLEROSIS* 

C. Magarinos Torres, M.D. 

{From the Department of Pathology and Bacteriology, University of Toronto, 

Toronto, Canada) 

During recent years much interest has developed in the subject of 
juvenile arteriosclerosis, and, as a result of careful observation and 
study, the conclusion that arteriosclerosis occurs in children much 
more frequently than was formerly believed is being commonly ac- 
cepted. Altliough the names of many different authors who have 
dealt more or less directly with this matter are mentioned by Zeek} 
in a recent review of the literature, little is to be found on the subject 
beyond the fundamental contributions of Thoma and those of Jores 
concerning developmental changes in the intima of the aorta after 
birth. Such changes evidently occur, for the majority of authors 
maintain that the intima in the newborn is formed by endothelium 
and the elastica interna alone. The excessive development of the 
subendothehal layer of the intima, however, can hardly be separated 
from the early arteriosclerotic changes in young subjects. 

Thoma ^ has shown that the connective tissue layer of the intima 
develops after birth, and is a rather sparse structure below the level 
of the ductus arteriosus. Gradually, in the course of the first year, it 
begins to increase, and at 5 years a definite connective tissue layer is 
present in the descending and abdominal aorta. This occurs only in 
the portions of the vessel in which the so-called ''Nabelblutbahn'' 
previously existed. Thoma states that the cessation of the pla- 
cental circulation is responsible for a physiological hyperplasia of 
connective tissue in the intima. This hyperplasia results as a com- 
pensatory process and is referred to by him as “kompensatorische 
Intimawucherung.” Thoma’s ® view, explaining the thickening of 
the intima by connective tissue as a result of a slowing of the blood 
stream, has not been universally accepted. Jores considers the 

*. This investigation was carried out under the tenure of a Fellowship from the In- 
ternational Health Division of the Rockefeller Foundation. 

Received for publication June i, 1931. 
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sections in a concentrated solution of Sudan III in 70 per cent al- 
cohol. (2) Dip in 70 per cent alcohol. (3) Wash in water. (4) Stain 
in 5 per cent aqueous solution of cresyl violet for 3 minutes. (5) 
Wash in water. (6) Stain in dilute Harris’ hematoxylin for i to 3 
minutes. (7) Wash in water. (8) Mount in levulose jelly (8 gm. 
levulose in 10 cc. water). 


Observations 

Case 259. Baby T., male, 2 days old. Autopsy 2-^- hours postmortem. Ana- 
tomical diagnoses: Intracranial hemorrhage; laceration of tentorium cerebelli. 

The intima throughout the aorta fails to show a subendothelial layer. In the 
thoracic aorta the elastica interna is formed by very irregular, short, homoge- 
neous, bluish-stained segments (Fig. la) separated by narrow, tortuous, pink- 
stained portions. Its internal surface shows numerous processes simulating buds 
or sprouts (Fig. la). In the media the outlines of the central elastic membranes 
are not straight and regular (Fig. i b) ; the more external fibers are formed by 
wide, homogeneous, bluish segments alternating mth others, pale pink or un- 
stained (“tapeworm appearance” Fig. i c). In the abdominal aorta, however, 
the laminae of the midzone are quite continuous, straight and uniformly blue. 

Case 251. R. M. G., female, r4 days old. Autopsy 4 hours postmortem. 
Anatomical diagnoses: Acute omphalitis; septicemia {Streptococcus Jiemolylicus ) ; 
peritonitis; leptomeningitis. 

The intima throughout the aorta is formed by endothelium and the elastica 
interna, the latter quite distinct in the abdominal aorta. Tested by Schultz’ 
method the elastic membranes show a varying appearance at different levels. 
In the media of the ascending aorta they are formed by discontinuous, pale 
greenish, homogeneous segments embedded in a hyaline substance suggesting 
the formation of elastic fibers in an amorphous matrix. They simulate the early 
developmental structure, the elastic substance existing only in discontinuous 
plates. In the transverse aorta this appearance is less marked and is limited to 
the more internal or the more external elastic lamellae; the central ones are 
formed by continuous homogeneous strands (elastic substance) which run in 
parallel bands. In the thoracic aorta these features are less marked. Here, on 
its inner surface, the elastica interna presents numerous fine, oblique processes 
which stain like the elastic substance, while its external surface is regular. In 
the abdominal aorta the developmental characteristics are hmited to the elastica 
interna, while the remaining elastic membranes appear uniformly greenish and 
show a regular arrangement in the media. 

In the ascending aorta a marked perivascular infiltration by polymorphonu- 
clcar and endothelial leucocytes is noted around the vasa vasorum. Some of 

thcac inflammatory cells extend through the remaining portions of the vessel 
wall. 

Case 253. K., female, 6 weeks old. Autopsy s?j hours postmortem. Ana- 
onucal diagnoses: Lmpyema of cerebral ventricles; spina bifida; acute peri- 
tonitis; acute omphalitis. 

f o the ascending aorta the intima is very thin and formed by endothelium and 
c as ica interna alone. In the transverse, thoracic and upper abdominal aorta 

c m ima presents a continuous subendothelial layer that gradually becomes 
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or chromo tropic substance of the connective tissue; Sudan III- 
cresyl violet; Sudan Ill-cresyl violet-hematoxylin; and Sudan III- 
hematoxylin. Smith’s method (Nile blue sulphate) and examina- 
tion imder the polarising microscope with the Nichols prism were 
also used for the identification of the fats. In a number of in- 
stances paraffin sections were studied for comparison. They were 
stained by hematoyxlin-eosin, Schultz’ stain and Verhoeff’s elastic 
tissue method. 

ScJmltz' Stain for Vascular Mucous or Chromotropic Substance 

Formalin fixation, paraffin or frozen sections, (i) Stain sections 
in 5 per cent aqueous solution of cresyl violet extra (Kresylechtvio- 
lett R extra) for 20 to 30 minutes. (2) Differentiate quickly in a very 
dilute aqueous solution of acetic acid (2 to 3 drops in 30 cc. of water) 
until no clouds of stain come from the sections. (3) Rinse in water. 
(4) Wash briefly in very dilute aqueous solution of ammonia. (5) 
Wash thoroughly in several changes of water. ( 6 ) Mount in levu- 
lose jelly. 

The color will last for several weeks: nuclei violet, the chromatin 
appearing very well stained; vascular connective tissue in varying 
shades of bright purplish red to pale pink; collagen pale grayish blue 
or unstained; muscle tissue pale bluish; red blood corpuscles bluish 
or greenish; fibrin often bright blue; elastic tissue sometimes xm- 
stained in young subjects and later in varying shades of blue to 
bright cobalt blue. For the aorta of infants the most satisfactory 
procedure is to stain the frozen sections for i hour, immerse them 
briefly in dilute aqueous acetic acid and then wash them thoroughly 
in water. The elastic tissue stains pale greenish blue in this way. 

Though non-specific, Schultz’ stain is very useful for the study of 
the elastic tissue as well as the chromotropic substance in the aorta. 
It demonstrates the segments of the elastic membranes in which the 
specific elastic substance is already formed, while in those in which 
this substance is lacking, a metachromatic color reaction is obtained. 
Therefore, the less advanced the developmental stage of the elastic 
membranes are in childhood, the more they will appear as rose-red 
or colorless segments interposed between greenish blue and homo- 
geneous ones. 

A variant of this method is useful for showing the flocculation of 
the chromotropic material as well as fatty changes, (i) Stain frozen 
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teraa is formed by homogeneous, bluish segments (Schultz’ stain) separated 
from one another by narrow, tortuous, pink or colorless portions; numerous 
delicate processes were also seen on its inner surface. 

Case i. D. R., male, 3^ months old. Autopsy 9 hours postmortem. Ana- 
tomical diagnoses: Nasopharyngitis; otitis media. 

In the ascending aorta the intima presents no subendothelial layer. The lat- 
ter appears continuous at the thoracic and lower abdominal aorta. At the upper 
abdominal aorta it is discontinuous, presenting a gradual thickening at the back 
part of the vessel, and forming a typical sloping overgrowth. The structure 
shows star-shaped fibroblasts resembling young connective tissue. Fatty de- 
generation of the lining endothelial cells and of fusiform cells in the suben- 
dothelial layer is found in the thoracic and abdominal aorta, being distinctly 
more marked at the sloping overgrowth. 

Case 265. C. B., female, aged 4 months. Autopsy 19 hours postmortem. 
Anatomical diagnoses: Acute enteritis, nasopharyngitis. 

The subendothelial layer is lacking in the ascending and transverse aorta, 
existing and continuous at the thoracic aorta, and discontinuous in the abdom- 
inal aorta. The thickness of the intima is not uniform, being thin in the thoracic 
aorta and terminating in tapering ends at the abdominal aorta. Sloping over- 
growths are present in those portions. Fatty changes are quite marked in the 
intima of the thoracic aorta. Cellular infiltration of the media and around the 
vasa vasorum is noted at the ascending aorta. The elastica interna presents a 
discontinuous appearance. 

Case 261. R. A., male, aged 5 months. Autopsy 14 hours postmortem. 
Anatomical diagnosis: Acute purulent leptomeningitis. 

In the transverse aorta the intima does not show a subendothelial layer, 
while a sloping overgrowth is found in the thoracic portion. The latter appears 
thick and bulges a little above the normal level of the intima (Fig. 6 a). The 
thickness of the intima in this portion corresponds to a little less than half that 
of the media. The structure shows flattened cells, stellate or spherical in out- 
line, many of them containing fat droplets and forming distinct fibrous lamellae. 
Less marked sloping overgrowths are noted at the abdominal aorta (Fig. 6 b and 
c) ; the subendothelial layer terminates in tapering ends in the specimen near the 
common iliacs. 

Marked fatty degeneration and flocculation of the chromotropic tissue are 
seen in the intima at the sloping overgrowths, especially in the thoracic aorta. 
They do not coexist, however, in the same strata, as the fatty degeneration is 
more marked near and on the endothelium, while the mucoid degeneration is 
more intense in the deeper strata adjoining the elastica interna. Examination 
under the polariscope with the Nichols prism reveals anisotropic fat droplets. 

Comment: A sloping overgrowth was definitely more marked at the thoracic 

t an at the abdominal aorta, and more in the lower than in the upper abdominal 
aorta. 

, study of sections from the thoracic aorta (Schultz’ stain) suggests that 

c c\ elopment is more advanced in the elastic membranes in the middle por- 
lon of the media than at the internal or external portions (Fig. 7). 

4V. ™nous to observe in this case the presence of patholo^cal changes just 
rV ^ evclopmental thickenings. This is true especially with regard to fatty 

langcs, t e more marked the thickening the more numerous are the cells con- 
taining fat droplets. 
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thicker and forms sloping overgrowths. These are more marked at the trans- 
verse and upper abdominal portions than at the thoracic, and consist of fibrous 
connective tissue enclosing flattened and star-shaped fibroblasts as well as 
smooth muscle fibers. Large vacuolated cells, some of them containing fat 
droplets and presenting vacuolar degeneration and necrosis, are also demon- 
strable. In the abdominal aorta near the common iliacs a very thin suben- 
dothelial layer exists. 

Fatty degeneration of the elastica interna is found in the abdominal aorta 
where this membrane is very distinct. Slight flocculation or mucoid degenera- 
tion of the chromotropic tissue, as well as perivascular infiltration around the 
vasa vasorum, are present in the ascending and transverse aorta. While in the 
transverse aorta almost all the elastic membranes possess discontinuous, 
greenish-stained segments (Schultz’ stain), this aspect is less marked in the 
thoracic aorta and still less in the abdominal aorta. In the latter portions this 
discontinuity concerns chiefly tlie elastica interna. 

Comment: In this case sloping overgrowths of the intima are found not only 
in the thoracic and abdominal aorta, but also in the transverse aorta as well. 
They are less marked in the thoracic segment than in the other parts. Definite 
degenerative changes in the intima represent a response to the infectious in- 
toxications that existed practically from birtli. This case illustrates well the 
difiiculty of distinguishing between developmental and pathological changes in 
the aorta of infants. The irregular arrangement of the mononuclear and con- 
nective tissue cells, as well as the presence of intracellular and free fat, suggest a 
definite pathological change. 

Case 263. M. 0., male, aged 7 weeks. Autopsy 2\ hours postmortem. Ana- 
tomical diagnoses: Marasmus; congestion of the abdominal viscera. 

The subendothelial layer is found only in the abdominal aorta; it is lacking 
completely in the other segments. It is continuous and forms a quite marked 
sloping overgrowth 3 mm. above the origin of the common iliacs, being discon- 
tinuous just above the celiac axis (Fig. 2). A few cells containing fat droplets 
exist at the sloping overgrowth. 

Case 246. W. M. D., male, 2 months old. Autopsy 2o| hours postmortem. 
Anatomical diagnoses: Otitis media; edema of brain. 

The subendothelial fibrous layer of the intima is found only in the lower 
abdominal aorta. It is discontinuous, forming three different, rather srnall, 
sloping overgrowths, when a complete transverse section is examined. Slight 
perivascular infiltration around the vasa vasorum at the ascending aorta is the 
only pathological finding. 

Case 254. M. E., female, 2J months old. Anatomical diagnosis: Broncho- 
pneumonia (both lungs). 

The subendothelial fibrous layer of the intima is continuous at the transverse, 
the thoracic and the abdominal aorta near the origin of the common iliacs, but 
discontinuous at the mouth of the left renal artery. At the posterior part of the 
vessel a very marked thickening of the subendothelial layer is found in the trans- 
verse, thoracic and abdominal aorta (Figs. 3, 4 and 5). The structure consists 
of young connective tissue, except in the transverse aorta. Fibroblasts contain- 
ing anisotropic fat droplets, vacuolation of the connective substance, and fine 
extracellular fat droplets near the elastica interna are found in the sloping over- 
growths in the abdominal aorta. The degenerative processes are slight and not 
found in other portions, being clearly limited to the sloping overgrowths. Chro- 
motropic tissue is more evident in the inner half of the media. The elastica in- 
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and less cellular than in the thoracic aorta. Such peculiarities in the normal de- 
velopment of the intima are confusing, as they suggest pathological changes. 

Case 264. D. S., male, aged 7 months. Autopsy, ij hours postmortem. 
Anatomical diagnoses: Leptomeningitis; left otitis media (pneumococcus). 

There was a well marked thickening of the subendothelial layer of the intima 
in the ascending and transverse portions of the aorta, while the thoracic aorta 
showed more diffuse thickening in the same layer. Occasionally small deposits 
of fat were also found in the connective tissue cells. The subendothelial struc- 
ture formed separate bands in the abdominal aorta and shaded off to very thin 
structures in its lower portion. 

Comment: It is interesting that although this child had suffered from an 
acute infectious process, the subendothelial layer of the aorta is distinctly less 
developed than in most of the children of this group. It would appear that these 
changes in the intima represent different stages in the development of the sub- 
endothelial layer. 

Case 255. M. L., female, aged 7^ months. Autopsy 12 hours postmortem. 
Anatomical diagnoses: Otitis media; sinus thrombosis (superior longitudinal 
sinus). 

The continuous layer of subendothelial fibrous tissue rich in elastic fibers is 


present in the thoracic and abdominal aorta, while some fatty changes are 
localized in the ascending limb and the lower abdominal aorta. 

Comment: Sloping overgrowths of the intima are absent in this infant of 
months, although they were quite marked in children of 4, 6 and 10 years of age. 

Case 244. T. M. R., female, aged 18 months. Autopsy i hour postmortem. 
Anatomical diagnosis: Diphtheria. 

The subendothelial layer is undeveloped in the ascending and transverse 
aorta, but appears well formed in the thoracic aorta, forming a sloping over- 
growth, In the upper abdominal aorta the subendothelial layer is disposed uni- 
formly, while sloping overgrowth is again demonstrable near the origin of the 
common iliacs. Slight cellular infiltration around the vasa vasorum at the as- 
cending and transverse aorta is the only pathological change of note. 

Case 248. M. G., female, aged 21 months. Autopsy 15 hours postmortem. 
Anatomical diagnoses: Lobar pneumonia; acute fibrinous pleurisy; otitis media. 

In the thoracic and abdominal aorta the subendothelial layer is discontinu- 
ous, forming a typical, quite marked, sloping overgrowth near the mouth of the 
celiac axis (Fig. 8). The structure shows abundant connective tissue cells, some 
of them flattened and disposed in fibrous lamellae. A slight thickening of the in- 
tima is also seen in the lower abdominal aorta, above the origin of the common 
ihacs. No sloping overgrowth is found at the thoracic aorta. The elastica in- 
terna is ormed by greenish segments (Schultz’ stain), which alternate with pink 
or colorless portions. 


Case 252. R. M., male, aged 3 years. Autopsy 18 hours postmortem. Ana- 
tomical diagnosis: Diphtheria. 

this ca^ of diphtheria, a slight perivascular infiltration around the vasa 
f the ascending aorta is almost the only pathological change demon- 
onA -A A subendothelial layer in the intima is found at the thoracic 

not aorta, while it is thin or lacking at the ascending aorta, and does 

in f Via ^ aorta. A typical sloping overgrowth is detected only 

slmiinn common iliacs. One gains the impression that a 

is disappearing in the thoracic aorta, while another 

IS demonstrable in the abdominal aorta near the bifurcation. ' 
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Case 260. Y. F., female, aged 5 months. Autopsy 12 hours postmortem. 
Anatomical diagnoses: Septicemia; infected wounds of the skin; otitis media 
(Streptococcus Imnolyticns ) . 

A discontinuous subendothelial layer of connective tissue is found in the 
ascending and transverse aorta. In the remaining portions of the aorta this 
layer is continuous throughout the intima, forming a marked overgrowth in the 
thoracic aorta. 

A few cells containing fat droplets and large vacuoles are seen in the intima, 
especially in the overgrowth of the thoracic aorta. Moreover, in that portion 
peculiar homogeneous, non-cellular, round masses, staining grayish blue Avith 
cresyl violet are lying among collagen fibrils. Marked flocculation of the chro- 
motropic tissue is seen in the internal portions of the media of the transverse 
aorta. 

Case 240. K. H., female, aged 7 months. Autopsy 14 hours postmortem. 
Anatomical diagnoses: Acute bronchitis; double otitis media. 

In the ascending aorta the intima is formed by the endothelium and elastic 
layer. The intima of the transverse aorta presents a Avell developed layer in 
which fibroblasts may be seen, while the elastica interna is distinguished with 
difficulty. In the thoracic aorta, the elastica interna is very distinct. The intima 
becomes much thickened at one point and then diminishes, so that a t)TDical 
sloping overgrowth may be seen. It is formed by endothelium, a subendothelial 
or connective tissue layer and an elastic layer. In the latter, many smooth 
muscle fibers exist. The subendothelial layer contains branched connective tis- 
sue cells, more or less regularly arranged. The developmental and fatty changes 
simulate arteriosclerotic changes. In the abdominal aorta the intima is thinner, 
presenting a continuous subendothelial layer. No sloping overgrowth is formed 
in spite of a varying thickness of this layer. 

Chromotropic connective tissue is more distinct in the internal half of the 
media. The elastica interna presents a very irregular inner surface. In the 
thoracic aorta it is formed of short, homogeneous segments, which probably 
correspond to islands of the elastic substance. They alternate with narrow, im- 
mature portions. The same appearance is found in the abdominal aorta, but the 
elastic segments are longer. The elastic lamellae of the media stain uniformly 
greenish blue, except some external ones, in which greenish segments alternate 
with pink ones. 

In transverse paraffin sections stained by VerhoefiF’s method, the elastica 
interna is formed of small, irregular, deeply stained fragments. As these short 
fragments are quite distinct and separated from one another by narrow, color- 
less spaces, a rough and irregular surface is produced. Thoma ^ has described 
this appearance in the newborn as “ein eigenartige korniges Gefiige entspre- 
chend einer Zusammensetzung aus dicht gedrangten, longitudinalen Faser- 
biindeln und Fasemetzen.” 

Coimnent: A more or less advanced stage of arteriosclerosis is simulated by a 
developmental connective tissue plaque in the thoracic aorta of a child of 7 
months, dying from an infectious process. Fatty changes are present in the 
overgrowth of the thoracic aorta. The fat is contained within cells, apparently 
fibroblasts, and appears to be of the nature of a cholesterol ester. 

The intima of the abdominal aorta is of uniform thickness and presents a con- 
tinuous subendothelial layer. If a sloping overgrowth has previously existed in 
this portion, it has now completely disappeared and the coat is distinctly thinner 
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In the abdominal aorta, the intima becomes progressively thicker, measuring 
175 microns near the celiac axis. A typical sloping overgrowth is formed, 
simil ar to that found in Cases 241, 261 (Fig. 6), and 254 (Figs. 3, 4 and 5) chil- 
dren respectively 4 years, 5 months and 25- months old. The structure shows 
numerous adult fibroblasts in regular arrangement. 

Comment: The intima presents a continuous subendothelial layer throughout 
the vessel. This coat is thin and of uniform thickness in the ascending, trans- 
verse and thoracic aorta. While such distribution indicates a fairly advanced 
stage in the development of the intima, typical sloping overgrowths with ail the 
characteristics described in Cases 254, 261 and 241, may be seen in the abdom- 
inal aorta. No fatty changes are noted; flocculation or mucous degeneration in 
the ascending aorta is the only pathological finding. 

Case 245. D. O., male, aged 10 years. Autopsy 3 hours postmortem. Ana- 
tomical diagnoses: Cerebral abscess (left hemisphere); acute purulent lepto- 
meningitis; otitis media. 

In the ascending aorta the intima is formed by endothelium and elastica in- 
terna only, the latter not being easy to distinguish from the other elastic mem- 
branes. In the transverse aorta a few stellate cells lying in a thin network of 
elastic fibrils are present. In the thoracic and abdominal aorta the intima shows 
a very distinct elastica interna and a continuous subendothelial layer. Its thick- 
ness is more or less uniform and distinctly thinner than in the aorta of infants 2 
to 4 months old. Near the celiac axis, however, the intima very gradually be- 
comes thicker, so that a cellular overgrowth is produced. Fatty changes appear 
focaUy at the mouths of the intercostal arteries. A small amount of intra- and 
extracellular fat is found in this limited portion of the intima. Mucous degenera- 
tion was very marked in the chromotropic tissue throughout the media in the 
ascending and transverse aorta. 

Comment: Only a slight sloping overgrowth is detected in the upper abdom- 
inal aorta. The intima is distinctly in an advanced stage of development in the 
thoracic and abdominal aorta, as compared with that in other children of this 
group. It is continuous, thin, fairly uniform in thickness, with fibroblasts dis- 
posed evenly and in collagenous lamellae. In the ascending and transverse aorta, 
however, no subendothelial layer exists. The infectious disease is probably re- 
sponsible for the superficial fatty streaks at the mouths of the intercostal ar- 
teries and for the marked flocculation (mucous degeneration) of the chromo- 
tropic connective tissue in the ascending and transverse aorta. 

Discussion 

Thickenings of the intima on the posterior part of the aorta are 
demonstrable with great constancy in specimens from a group of 
children of different ages. They correspond, in some respects, to 
W'hat Thoma'* has described as “kompensatorische Intimawuche- 
rung, but appear to represent only the normal development of the 
intima, and in particular, of its subendothelial layer. As a matter of 
fact, the developmental plaques are not seen by the naked eye, as 
tliey do not rise above the surface of the aorta. This feature is im- 
portant, as it distinguishes them from the common pathological 
lesions. 
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This case illustrates well the way in which the maturation or development of 
the elastic membranes proceeds. In the ascending and transverse aorta the 
elastica internals not easily distinguished from the more internal elastic mem- 
branes of the media, and aU of them present a segmented appearance (Schultz’ 
stain), while in the thoracic and abdominal portions it is quite distinct. 

Case 241. P. C., male, aged 4 years. Autopsy 7I- hours postmortem. Ana- 
tomical diagnoses: Osteomyelitis (left ilium) ; septicemia {Staphylococcus aureus). 

The intima is very thin and formed only by endothelium and elastica interna 
from the ascending to the abdominal aorta. In the lower abdominal aorta im- 
mediately below the superior mesenteric, a discontinuous subendotheHal layer is 
seen, which forms a typical sloping overgrowth at the back part of the aorta. 
A similar sloping overgrowth alwa5fs posteriorly may be traced from the mouth 
of the right renal artery downward to a point ii mm. above the origin of the 
common iliacs. The sloping overgrowth appears more marked as we trace 
downward and approach the origin of the common iliacs. The structure of the 
dorsal connective tissue plaque shows endothelium, young fibroblasts in a broad 
layer and some smooth muscle fibers near the elastica interna. 

Islands of elastic substance in the elastica interna are seen dearly in the 
thoracic aorta (Schultz’ stain), w'hile the segments in which no elastic substance 
exists show a metachromatic reaction. Small pedunculated processes give an 
indented appearance to the internal surface of the elastica interna. 

Comment: A dorsal connective tissue plaque limited to the abdominal aorta 
is continuous and can be followed upward from the origin of the common iliacs 
to the superior mesenteric artery, covering a distance of about 29 mm. of the 
aorta and always located at its posterior border. The subendothelial layer is no 
longer found above the orifice of the celiac axis. The dorsal connective tissue 
plaque, being quite marked in the lower abdominal aorta, becomes gradually 
attenuated and disappears entirely at the upper abdominal aorta. 

Case 262. M. T., female, aged 5 years. Autopsy 6 hours postmortem. Ana- 
tomical diagnosis: Acute fibrinopurulent peritonitis. 

The subendothelial layer of the intima is well developed, continuous, and 
formed by flattened fibroblasts disposed in definite lamellae in the thoracic and 
abdominal aorta (Fig. g). It has a more or less uniform thickness, no sloping 
overgrowth being detected in any portion. In the ascending and transverse 
aorta no subendothelial layer is found. 

Comment: The absence of sloping overgrowths and the structure of the con- 
tinuous subendothelial layer at the thoracic and abdominal aorta suggest a fur- 
ther stage in the development of the intima. Anisotropic fat droplets inside the 
lining endothelium and fibroblasts of the subendothelial layer, as well as extra- 
cellular fat droplets, are detected in the ascending and the abdominal aorta. 

Case 238. S. T., female, aged 6 years. Autopsy i2f hours postmortem. 
Anatomical diagnosis: Poliomyelitis. 

In the ascending aorta the intima presents a fairly developed subendothelial 
and elastic layer. There are no fatty changes. Chromotropic connective tissue 
(Schultz’ stain) is uniformly developed in the media, slightly increased in 
amount and flocculent in places. In the transverse aorta the intima shows a 
subendothelial and elastic layer with regularly arranged fibroblasts in the inter- 
spaces of elastic and collagen fibers. The elastica interna presents much longer 
blue-stained segments than those seen in younger infants. In the thoracic aorta 
the subendothelial layer is well developed, contaming smooth muscle fibers in its 
deeper portion. The intima is of more or less uniform thickness, and rather thin. 
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even in very young subjects (Case 253). Such thickened portions, 
however, have a varied distribution along the aorta (Table I and 
Text-Fig. 1). They do not represent, therefore, a regular and more 
advanced growth of the intima, neither are they more marked in a 
particular segment of the aorta. In Case 253, an infant 6 weeks old, 
a great thickening is found in the upper abdominal aorta (Table I), 
while this is not observed in Case 246, an infant 2 months old. It is 

Table I 


Thickness in Microns of the Intima of the Aorta in a Group of Children between 
the Ages of 2 Days and 10 Years 


Patient 

Age 

Sex 

Ascending 

aorta 

Transverse 

aorta 

Thoracic 

aorta 

Upper j 

abdominal 
aorta 

Lotver 

abdominal 

aorta 

259 

2 d. 

M 






251 

144. 

F 




1 

1 


253 

6 w. 

F 


60-160 

80-120 

90-210 


263 

7 w. 

M 



40 

40-90 

20-160 

246 

2 m. 

M 




35 

25-70 

254 

2^-m. 

II 


130-255 

60-220 

40-135-250 

20-70-290 

I 

aim. 

M 

65 


60-110 

25-ios 

35-75 

26s 

4 m. 

m 



I- 

30-70 

35 

60 

261 

Sm. 

M 

1 


65-245 

80-110 

40-75-225 

260 

Sm. 

B 

S 5 

40-85-210 

50-200 

35-85 

35-65 

240 i 

7 m. 

B 

40 


SO 

i 

SO 

30 

264 

7 m. 

M 

US 


1 

50 “J 00 : 

40-50 

40-180 

255 

72 m- 

F 


1 

40-90 

is-130 

40-100-140 

244 

18 m. 

F 

25 

SO 1 

95-210 

75-100 

35 

248 

21 m. 

F 



65-170 

165 

20-75 

252 


M 

20-40 


30-60 

40-60 

45-110 

241 


El 




25-60 

30-40-115 

a02 


n 

180 


65-110 

50-80 

60-1 ro 

238 

(>y. 

In 

80-100 

no 

90 

30-175 

35-190 

24s 

loy. 

M 



70 

35-150 

35-65 
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Not less important is the microscopic aspect. Such developmental 
plaques, when complete transverse sections are examined, increase 
gradually in thickness on the inner side of the elastica interna (Figs. 
2, 3 and 8), until a maximum is reached. Beyond this, they again 
become gradually attenuated. Sometimes the subendothelial layer 
disappears completely at the edges, so that the sloping overgrowth 
appears more marked. This justifies the term ‘'sloping overgrowth ’’ 
of the intima so often used in this paper. The thickening is essen- 
tially produced by the subendothelial layer which appears very 
cellular. 

It would be well to point out that the thickness of the intima in 
this group of children (Table I) is often much greater than that com- 
monly reported as normal. My measurements gave from 10 to 15 
microns in transverse frozen sections mounted in gelatin. Lang- 
haas,^^ for example, gives 0.015 rnm. to 0.025 ram. as the normal for 
three children, 4 days, if years and 10 years old respectively, and 
Thoma ^ 30, 35 and 41 microns for a child 7 weeks old. Text-Fig. i 
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Text-Figttee I 

Graphic representation of Table I showing the distribution of thickness 

over 100 microns 


is a graphic representation based on Table I of the distribution along 
the aorta of portions in which the thickness of the intima is over 100 
microns. From this figure it may be seen how wide the variations 
are, either in the same subject or in a group of children of different 
ages. 

These data do not agree with the view generally accepted that, if 
in the newborn the intima is very thin, it increases in thickness 
gradually and regularly with age, presenting a more or less constant 
thickness for each age. On the contrary, it seems that during child- 
hood, as the subject is actively growing, the intima presents a vari- 
able thickness, which is often considerable and exceeds 200 microns 
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Table n 

Thickness in Microns of the Tunica, Media of the Aorta in a Group of Children 
between the Ages of 2 Days and 10 Years 


Patient 

Age 

Sex 

Ascending 

aorta 

Transverse 

aorta 

Thoracic 

aorta 

Upper 

abdominal 

aorta 

Lower 

abdominal 

aorta 

259 

2 d. 

M 

890 

72s 

625 

560 

400 

251 

14 d. 

on 

875 

750 

590 

500 

250 

253 

6 w. 

F 


580 

650 

610 

350-450 

263 

7 w. 

M 

650-1080 

790 

500 

500 

1 460-550 

246 

2 m. 

M 

810 

800 

650 

410-650 

460 

254 

2-2- m. 

F 

1470 

1540 

760 

550-660-820 

450-530 

I 

3 -^m. 

M 

680 


580 

360 

380 

26s 

4 m. 

a 

950 

950 

430-540 

490 

570 

261 

5 m. 

M 


910 

1 

490-560 

500-540 

400 

260 

Sm. 

B 

940 

600 

600 

500 

380 

240 

I 

7 IB. 

n 

1000 

800-980 

640 

480 

420 

264 

7 m. 

M 

560-840 

800-920 

470-560 

420 

350-370 

255 

7 im. 

F 

1000 

920 

650 

590 

520 

244 

18 m. 

F 

810 

750 

50s 

.590 

450 

24S 

21 m. 

F 



480 

600 

480 

252 

3 y- 

M 

900 

750 

570 

500 

450-600 

241 

4 y- 

M 

800-1 I 10 

1140 

760 

620 

600 

262 


■i 

1450 

770 

560 

490 

480 

238 

6y. 

m 

1040 

1000 

640 

550 

600 

245 

10 y. 

M 

700 

1550-1800-190C 

1 670 

750 

630 


^ Wily in childhood does a transient thickening develop in the 
Ultima of the aorta? In Table III are tabulated the circumferences 
o e thoracic and abdominal aorta as measured in some of the speci- 
mens preserved in formalin. In order to afford, as far as possible, a 
comparative study of such data in a group of children of different 
aj,es, in every case identical portions were selected, namely the 
mou s of the fourth pair of intercostal arteries and of the celiac axis. 
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present in children 6 weeks old, 2|, 3^, 5, 7, 7!, 18 and 21 months old, 
^•nd 3, 4, 5, 6 and 10 years old (Table I), either in the transverse, 
thoracic and upper and lower abdominal aorta at the same time 
(Case 254); at the transverse, thoracic and upper abdominal aorta 
(Case 253) ; at the thoracic, and upper and lower abdominal aorta 
(Case 261); at the transverse and thoracic aorta (Case 260); at the 
ascending, thoracic and lower abdominal aorta (Cases 264 and 262) ; 
at the upper and lower abdominal aorta (Case 255) ; or only at the 
upper (Case 245), or lower abdominal aorta (Cases 263, 252 and 
241). On the other hand it is lacking in infants 2, 4 and 7 months 
old (Cases 246, 265 and 240 — Table I and Text-Fig. 1), 

One gains the impression that these thickenings, instead of being 
permanent and representing in a particular subject the normal thick- 
ness of the intima at such an age, are in fact transient. They tend to 
disappear soon after being formed and as the child grows up, re- 
appearing, however, later on in the same individual when the con- 
ditions giving rise to them are again met with. This, in all proba- 
bility, would be reproduced several times during infancy in the same 
subj'ect. 

This assumption is corroborated in the study of the location and 
the structure of the sloping overgrowths in children of this group. 
Well marked and cellular sloping overgrowths, indicating a process 
which is actually going on, appear in Cases 254, 261, 241 and 238, 
children respectively 2^ months, 5 months, 4 years and 6 years old, 
presenting a similar structure in all of them. This suggests a periodic 
recurrence of developmental thickenings in childhood. Their ab- 
sence, or at least their non-existence as structures with well defined 
microscopic features, in Cases 264, 255 and 262, children respectively 
7 months, 7I months and 5 years old, suggests that they may be 
transient rather than permanent morphological features in the aorta 
of infants. 

In some cases sloping overgrowths are found in more than one por- 
tion of the aorta at the same time, and are lacking in intermediate 
portions. This suggests different and independent stages of a pecu- 
liar phenomenon occurring synchronously at different places in the 
same aorta. Again indefinite sloping overgrowths are noticed in 
other cases, as if the intermediary stages of such thickenings were 
just appearing or disappearing. This is in accordance with the idea 
of transient and recurrent morphological changes in infancy. 
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Evidence is therefore available, suggesting that the growth of the 
aorta does not proceed in a regular and uniform way throughout the 
vessel. Sometimes the abdominal aorta increases more rapidly than 
the thoracic. At other times the reverse takes place, but a constant 
rate is never maintained. This phenomenon also would take place 
during the active growth of the subject, and probably is reproduced 
several times in the same individual. 

With regard to this view one must consider, furthermore, the close 
relation between the growth of the aorta and that of the bony struc- 
tures. It becomes obvious that developmental changes will be 
more marked in the descending and abdominal than in the ascend- 
ing and transverse aorta. It is curious to note that Text-Fig. 3, 
which is a graphic representation of the distribution of sloping over- 
growths in the different portions of the aorta, as they appear in this 
group of children, agrees in a general way with Text-Fig. i, which 
represents the distribution of thicknesses over 100 microns. The 


iioeadlsg aorta 




: 



n 











— 

— r 

— 

— 

tranBTcrflo cortt 



j 






_ 









~ 

■ 


■ 


■ 

Thoraolo aorta 

■ 

■ 

1 


1 



1 

1 

■ 

i 

I 

I 

T 

T 



T 


% 1 

1 ( 

' 


■ 

■ 

Abdosdnal aorta 

1 

■ 

1 


1 

■ 

■ 

1 

1 

II 

I 

i 

■ 

■ 

■ 

■ 

■ 

■ 

II 

■ 

■ 


II 

II 

Xbdosdiial aorta 

■ 

H 

■ 

II 

II 

1 

1 

■ 

I 

a 

II 

M 

■ 

■ 

■ 

II 

II 

II 

11 

■ 

II 

■ 


51 

BS 

ESI 

C9 

51 


s 

BS 

m 

m 


m 



BS 

5B 


ES 

m 

Bl 





ggj 


m 

m 

B 


m 

ggg 

1 ^ 

m 



gg 

m 

m 

m 

mj 

ea 


Text-Figure 3 

Graphic reprwentotion of fie distribution of sloping overgrowth of the intima 
m the aorta of a group of children of different ages 
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Curious variations are demonstrable in the rate of growth of the 
circumferences of the thoracic and upper abdominal aorta, as seen 
in Text-Fig. 2, which is a graphic representation of Table III. 

Table III 


Ciramfcrencc in mm. of the Thoracic and Upper Abdominal Aorta in a Group of 
Children between the Ages of 2 Days and 10 Years 


Thoracic 

aorta 

B 

B 

18 

B 

,..5 

B 

18.S 

19 -S 

1 

21 - 5 , 

23-5 

B 

28 

1 

28.5 

34 

Abdominal 

aorta 

14-5 

16.5 

18 . 5 

^3 

13 

19-5 

18 

18 

18. 5 

x6 

20 

21.5 

23-5 

29-5 

Age of Pa- 

2 

n 

6 

2 

2^- 

5 

5 

7 


18 

21 

3 

H 

10 

tients 

d. 

El 

w. 

m. 

m. 

m. 

m. 

m. 

m. 

m. 

m. 

y- 

IB 

y- 

Patient 

259 

i 

251 

253 

246 

254 

261 

260 

i 

240 

255 

244 

248 

1 

252 

'241 

24s 


While at 2 and 14 days of age the circumference of the upper ab- 
dominal aorta is less than that of the thoracic aorta, at 6 weeks it is a 
little greater, being again less at 2§ months. At 7 and yf months, the 
rate between the two circumferences is more or less similar to that 
noted at 2 and 14 days, and becomes considerably less in the ab- 
dominal aorta at 18 months, and this difference is maintained, 
though not so marked, at 3, 4 and 10 years of age. Sometimes the 

40 

so 

20 

B 
10 


Text-Ftcuee 2 

Graphic representation of Table III 

circumference of the thoracic and the upper abdominal aorta in- 
creases more or less regularly. At other times, that of the abdominal 
aorta grows more rapidly, almost reaching that of the thoracic; while 
at still other times the growth of the thoracic portion is considerably 
more rapid than that of the abdominal. Later it becomes slower 
again as compared with that of the upper abdominal aorta. 
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tribution is the result of a local disturbance of the blood supply. As 
a matter of fact, one should expect a more uniform distribution if 
these were the result of toxemia alone. In Cases 246, 244? 248, 252, 
241 and 238, no fatty changes were found, while quite marked slop- 
ing overgrowths existed in some of them. 

This brings forth the question of juvenile arteriosclerosis. The 
aorta of Case 240 was the first examined, and after a comparative 
study of sections from various parts of the aorta a diagnosis of ar- 
teriosclerosis was made on the presence of a subendothelial thicken- 
ing of the intima with some fatty change. This diagnosis seemed 
logical until I examined seventeen other children dying from 
diverse infectious and nutritional diseases, finding very similar 
changes. Transient pachymenia of the intima, therefore, merits con- 
sideration as a pitfall in the diagnosis of juvenile arteriosclerosis in 
infants. 

Another pathological finding was a peculiar degeneration of the 
chromotropic connective tissue. In some places it appears increased 
in amount and presents a flocculent aspect. The metachromatic 
color reaction suggests a close relationship with mucoid material, as 
well as of the chromotropic substance itself. However, in some in- 
vestigations preceding those of Bjorling and of Schultz,^'* the chro- 
motropic connective tissue was considered and described as mucoid 
degeneration, inasmuch as it was then generally assumed that the 
normal connective tissue of the vessel did not give the reaction for 
mucin. 

In order to avoid a misunderstanding in regard to the peculiar 
change above referred to, the term flocculation has been employed. 
Flocculation (mucoid degeneration, hyaline degeneration) of the 
chromotropic substance is better evidenced in frozen sections stained 
by cresyl violet. It is completely overlooked in ordinary sections of 
material embedded in paraffin and stained by hematoyxlin-eosin. 
Therefore, while metachromasia of the vascular connective tissue 
may be made apparent in paraffin sections, as Schultz has pointed 
out, such is not the case with the delicate pathological change above 
described. 

1 frozen sections by the Schultz stain suggests that in 

n ood the elastic substance is not deposited at the same time in 
aU portions of the elastic tissue of the aorta. At first it is manifest in 
small, irregular segments (Figs, i and 7) which have lost their meta- 
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disturbances and infectious disease. In Case 253, for example, a girl 
6 weeks old, who developed a cerebral abscess following an infected 
spina bi&da, and in whom the infectious process was present during 
practically all of her extra-uterine life, marked and extensive thick- 
enings of the intima were found. They were less marked in Case 264, 
a well developed and well nourished 7 months old baby dying of 
leptomeningitis after eight days of illness. But, on the other hand, 
they were also quite distinct in another well developed and well 
nourished baby (Case 252), 3 years old, dying of diphtheria on the 
fifth day of illness. 

Why do the sloping overgrowths develop just at the posterior 
border of the descending aorta? JR-obertson demonstrated that the 
vascularization is different in the ascending aortic limb and in the 
descending thoracic portion of the aorta. While an anastomosing 
circle of vessels exists in the ascending aortic limb, so that the vascu- 
larization is assured in a more or less uniform manner at the front, 
back and lateral portions of the aorta, this is not the case with the 
descending thoracic aorta. In the latter the vasa vasorum are most 
numerous along two longitudmal strips just lateral and parallel to 
the efferent vessels, so that the vascularization is distinctly more de- 
veloped at the back than at the front and lateral parts. It is obvious 
that the subendothelial layer of the intima will show a tendency to 
increase more quickly in the better-nourished portions of that coat, 
a direct relation existing between growth of connective tissue and the 
blood supply. Apparently, as a developmental change, this becomes 
particularly prominent during infancy. 

In thirteen of the twenty cases, I found fatty changes in the in- 
tima. In a few instances they presented no relation to developmental 
thickenings (Cases 264, 255, 262 and 245), Fat occurs more or less 
imiformly throughout the lining endothelial cells, or as extra-cellular 
fine droplets along the elastica interna. More often, however, fat 
occurred in the form of anisotropic droplets (lipoid degeneration) in 
star-shaped and fusiform cells more or less abundant in the sub- 
endothelial layer. 

In Cases 263, 254, i, 261 and 240, fatty and lipoid degenerations 
were more marked and sometimes sharply limited to the sloping 
overgrowths. The degenerative processes appeared focally in the 
aorta in the same localities in which fatty streaks and early arterio- 
sclerotic changes later became predominant. Possibly such focal dis- 
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tribution is the result of a local disturbance of the blood supply. As 
a matter of fact, one should expect a more uniform distribution if 
these were the result of toxemia alone. In Cases 246, 244, 248, 252, 
241 and 238, no fatty changes were found, while quite marked slop- 
ing overgrowths existed in some of them. 

This brings forth the question of juvenile arteriosclerosis. The 
aorta of Case 240 was the first examined, and after a comparative 
study of sections from various parts of the aorta a diagnosis of ar- 
teriosclerosis was made on the presence of a subendothelial thicken- 
ing of the intima with some fatty change. This diagnosis seemed 
logical until I examined seventeen other children dying from 
diverse infectious and nutritional diseases, finding very similar 
changes. Transient pach3mienia of the intima, therefore, merits con- 
sideration as a pitfaU in the diagnosis of juvenile arteriosclerosis in 
infants. 

Another pathological finding was a peculiar degeneration of the 
chromotropic connective tissue. In some places it appears increased 
in amount and presents a flocculent aspect. The metachromatic 
color reaction suggests a close relationship with mucoid material, as 
weU as of the chromotropic substance itseH. However, in some in- 
vestigations preceding those of Bjorling and of Schultz, the chro- 
motropic connective tissue was considered and described as mucoid 

egeneration, inasmuch as it was then generally asstuned that the 
normal connective tissue of the vessel did not give the reaction for 


In order to avoid a misunderstanding in regard to the peculiar 
^ange above referred to, the term flocculation has been employed. 
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chromatic color reaction. As other segments in the same membrane 
retain tlieir original metachromasia, a discontinuous appearance is 
obtained. Elastic membranes in which the elastic substance is in- 
completely formed were more abundant in the internal and external 
than in the middle portions of the media (Fig. 7) and more abundant 
in the ascending and transverse than in the thoracic and abdominal 
aorta. The elastica interna presents a discontinuous aspect (Fig. i) 
in all the children examined, and its internal surface is more or less 
irregular. Such appearances are related to the age; the younger the 
subject, the more marked the granulation (compare Figs, i and 7). 

Summary and Conclusions 

In childhood the intima of the aorta presents a variable thickness 
in the same subject, if complete transverse sections from the ascend- 
ing, transverse, thoracic and abdominal aorta are examined. 

At the posterior part of the aorta, tlie intima often measures more 
than 100 microns in tliickness, resulting from the presence of a cellu- 
lar subendothelial layer. The thickened portions of the intima, how- 
ever, do not rise above the surface of the vessel, so that they cannot 
be detected macroscopically. The intima in transverse sections be- 
comes gradually thickened, until a maximum is attained in its pos- 
terior portion. Beyond tliis, it again becomes gradually attenuated 
and terminates in tapering ends as tlie subendothelial layer dis- 
appears. The peculiar aspect is referred to as '^sloping overgrowths 
of the intima. 

A comparative study of such changes in a group of twenty children 
between the ages of 2 days and 10 years suggests that they corre- 
spond to transient and recurrent developmental changes. They were 
regularly found in eighteen children, lacldng only in tv.'0 infants, 2 
and 14 days old. 

These postnatal developmental changes do not present any defi- 
nite relation to tlie age of the subject, to the location in the aorta or 
to degenerative and non-specific inflammator}' processes. 

It is assumed that the}' are not permanent but transient ph}'sio- 
logical changes, so that quite marked thickenings {pachyvicnid) of 
the intima tend to disappear soon after they arc produced and as the 
growth of the aorta proceeds. At tlie same time othens arise in other 
portions of the vessel. It seems likely that these reactions arc re- 
produced many times in the same subject. 
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TOEUES 


Differences in the rate of growth between the subendothelial layer 
and the vessel as a whole, and between two adjoining portions of the 
aorta, appear to be the chief factors in the production of the transient 
pachymenia of the intima in infancy. 

These results also confirm the frequency, in children, of fatty 
changes in some localities of the aorta, namely, the mouth of the in- 
tercostal arteries and the ascending and the abdominal aorta, pre- 
viously reported by Oppenheimer,^^ Klotz and Manning,^'’ Stumpf,® 
Edotz,“’ Schmidtmann,^® Zinserling,^® Kube and Ssolowjew,^® and 
others. They show, moreover, that flocculation (mucoid degener- 
ation) of the chromotropic connective tissue, involving especially 
the internal portions of the media in the ascending and transverse 
aorta, is another finding in infants dying from infectious diseases, 
and that fatty and lipoid degeneration may occur focally in connec- 
tion with a dorsal connective tissue or developmental plaque. 

Developmental changes associated with degenerative processes 
are a pitfall in the diagnosis of juvenile arteriosclerosis in infancy. 
In some children fatty changes were seen in the absence of develop- 
mental thickenings of the intima, and in others, on the contrary, 
quite marked simple developmental changes were found in the ab- 
sence of degenerative processes. 

In conclusion, the writer wishes to express his thanks to Professor 
Oskar Klotz for much helpful advice and guidance during the prog- 
ress of this work in the Department of Pathology of the University 
of Toronto. 
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chromatic color reaction. As other segments in the same membrane 
retain their original metachromasia, a discontinuous appearance is 
obtained. Elastic membranes in which the elastic substance is in- 
completely formed were more abundant in the internal and external 
than in the middle portions of the media (Fig. 7) and more abundant 
in the ascending and transverse than in the thoracic and abdominal 
aorta. The elastica interna presents a discontinuous aspect (Fig. i) 
in all the children examined, and its internal surface is more or less 
irregular. Such appearances are related to the age: the younger the 
subject, the more marked the granulation (compare Figs, i and 7). 

Summary and Conclusions 

In childhood the intima of the aorta presents a variable thickness 
in the same subject, if complete transverse sections from the ascend- 
ing, transverse, thoracic and abdominal aorta are exammed. 

At the posterior part of the aorta, the intima often measures more 
than 100 microns in thickness, resultmg from the presence of a cellu- 
lar subendothelial layer. The thickened portions of the intima, how- 
ever, do not rise above the surface of the vessel, so that they cannot 
be detected macroscopically. The intima in transverse sections be- 
comes gradually thickened, until a maximum is attained in its pos- 
terior portion. Beyond this, it again becomes gradually attenuated 
and terminates in tapering ends as the subendothelial layer dis- 
appears. The peculiar aspect is referred to as “sloping overgrowths ” 
of the intima. 

A comparative study of such changes in a group of twenty children 
between the ages of 2 days and 10 years suggests that they corre- 
spond to transient and recurrent developmental changes. They were 
regularly found in eighteen children, lacking only in two infants, 2 
and 14 days old. 

These postnatal developmental changes do not present any defi- 
nite relation to the age of the subject, to the location in the aorta or 
to degenerative and non-specific inflammatory processes. 

It is assumed that they are not permanent but transient physio- 
logical changes, so that quite marked thickenings {pachymenid) of 
the intima tend to disappear soon after they are produced and as the 
growth of the aorta proceeds. At the same time others arise in other 
portions of the vessel. It seems likely that these reactions are re- 
produced many tunes in the same subject. 



DESCRIPTION OF PLATE 


All figures were drawn with camera lucida. Only the homogeneous greemsh 
segments containing elastic substance are represented in each elastic membrane 
in Figs. I and 7. The outlines of the coats of the aorta and the elastica interna 
are the only structures represented in Figs. 2, 3, 4, 5, 6, 8 and 9. I = intiraa, 
M = tunica media; Ei = elastica interna. 


Plate 83 

Fig. I. Case 259, infant 2 days old. Elastic tissue (Schult2:’ stain) in thoracic 
aorta; a = elastica interna; b = elastic membrane from the middle of the 
media; c = elastic membrane from the external portion of the media. 

Fig. 2. Case 263, infant 7 weeks old. Complete transverse section of the ab- 
dominal aorta 3 mm. above the origin of the common iliacs. The suben- 
dothelial layer becomes gradually thicker, reaching a maximum at the back 
part of the vessel. This dorsal thickening of the intima is referred to as 
“sloping overgrowth.” 

Fig, 3. Case 254, infant 25 months old. Sloping overgrowth at the back part of 
the thoracic aorta between the fourth and fifth pair of intercostal arteries. 

Fig. 4. Case 254, infant 2I months old. Marked sloping overgrowth in the 
back part of the abdominal aorta at the mouth of the left renal artery. In 
this complete transverse section, the subendothelial layer appears discon- . 
tinuous and the thickenings usually present near the mouth of a branch 
form a structure quite apart from the dorsal connective tissue plaque. 

Fig. 5. Case 254, infant 2I months old. In this complete transverse section of 
the abdominal aorta 5 mm. above the common iliacs, the subendothelial 
layer is continuous, forming a marked sloping overgrowth at the back part. 

Fig. 6. Case 261, infant 5 months old. The edge and initial portion of three 
sloping overgrowths are represented, one, the most marked, at the thoracic 
aorta (a) ; another, less marked, at the upper abdominal aorta (b); and still 
another at the lower abdominal aorta (c). 

Fig. 7. Case 261, infant 5 months old. Elastic tissue in thoracic aorta (Schultz’ 
stain) ; a = elastic interna; b = elastic membrane from the internal por- 
tion; c and d = middle portion; and e = external portion of the media. 

Fig. 8. Case 248, infant 21 months old. Sloping overgrowth at the back part 
of the upper abdominal aorta (mouth of the celiac axis). 

Fig. 9. Case 262, child 5 years old. At the thoracic aorta, the intima presents a 
subendothehal layer of more or less uniform thickness. 
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Figure 2 shows the dopa reaction of normal Caucasian skin. In 
the colorless derma are a few black leucocytes. In most sections of 
normal skin there are a few scattered leucocytes; they have no 
significance. The chief point of interest is the blackening of certain 
cells in the basal layer of the epidermis and in the matrix of the 
hair — that is to say — the sites of melanin production. These are 
the melanoblasts revealed by the dopa reaction. 

The melanoblasts of the epidermis assume many shapes — round, 
cuboidal, columnar and branched. Traditionally the branched cells 
of the epidermis are called dendritic. Often they contain melanin, 
often not. Their common property is the ability to oxidize dopa to 
melanin, blackening in dopa solutions. Bloch holds that in this dopa- 
ojddase which converts dopa to melanin he has discovered the agent 
which manufactures natural melanin in mammalian skin. The dopa 
reaction thus becomes an indicator of the presence of the natural 
oxidase. Leucocytes being excepted, it follows that every dopa- 
positive cell is an active melanoblast. 

After many experiments on all sorts of tissue, normal and patho- 
logical, pigmented and non-pigmented, I accept Bloch’s view as the 
most satisfactory working hypothesis yet offered to explain the pro- 
duction of melanin in human skin. The illustrations will show some 
of the evidence which led to this conclusion. 

Our material consisted of freshly excised surgical specimens from 
many parts of the human body. Our first and fundamental conclu- 
sion was that, leucocytes being excepted, dopa-positive cells are 
found only in those tissues where melanin is being produced, or 
where it can be produced under appropriate stimulation. These 
tissues normally are the skin and the mucous membranes of ectoder- 
mal origin; pathologically they are pigmented moles and malignant 
melanomas.* 

Melanin in Excess 

Having agreed with Bloch that dopa-positive cells are found only 
in melanin-producing tissue, in our next j&nding we were obliged to 

* The pigment of the eye constitutes a special field which has been litUe cultivated. 
Since the dopa reaction requires fresh tissue, or tissue that has been fixed in s per cent 
formalin for five hours at the longest; and since it is customary to fix specimens of hu- 
man eye mu* longer than that, there arc practical difficulties in attempting dopa reac- 
tions with this matenal. A thorough study of the dopa reaction of the embryonic eye 
was made by Miescher.” 
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I^IELANOI^IA STUDIES * 

I. THE DOPA REACTION IN GENERAL PATHOLOGY 
George F. Laidlaw, M.D. 

(From the Laboratories of the Departmeitt of Surgery, College of Physicians and 
Surgeons, Columbia University, New York, N.Y.) 

Introduced in 1917 by the distinguished dermatologist of Zurich, 
Bruno Bloch, and defended by him vigorously ever since, the 
dopa reaction has been used chiefly by the dermatopathologist 
(Becker,^®’ Peck, and Kissmeyer^^' It deserves to be 
more widely known and practiced both by the histologist and by the 
general pathologist. Following the simple method devised by Black- 
berg, which is described in detail in the second paper of this series, 
the dopa reaction ** can be carried out easily and accurately in any 
laboratory. 

The dopa reaction is specific for two kinds of cells, for melano- 
blasts (a term which includes all melanin-producing cells as distin- 
guished from mere phagocytes), and for myelogenous leucocytes 
(cells which have no known connection with melanin production). 
Both of these cells contain a ferment, an oxidase, which converts 
dopa to melanin. The newly formed melanin colors the cell black. 
This blackening of the reacting cell is the dopa reaction. The fer- 
ment of the melanoblast is dopa-oxidase — specific for dopa it 
oxidizes nothing else. The ferment of the leucocyte is a polyphenol- 
oxidase, oxidizing many phenols to colored products. 

Figure i shows the dopa reaction of a Hodgkin’s l3mph node. 
The black spots are the eosinophil and neutrophil leucocytes. 
Lymphocytes and collagen are colorless. 

* Received for publication April 22, 1932. 

** The word “dopa” is Bloch’s abbreviation for 3, 4-dioxyphenylalanin. 
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and in the moles illustrated, and in malignant melanomas, the active 
melanoblasts may be of any shape — round, cuboidal, stellate or 
dendritic. The shape of the cell has absolutely nothing to do with its 
melanin-producing power or with its malignancy. Figure 9 shows 
the dopa reaction of another pigmented mole removed from the arm 
of a negress. This unusual mole consists exclusively of dendritic 
cells, all of them dopa-positive. The clinical history of such moles 
differs in no way from that of moles composed of round or other 
non-dendritic cells. 

Melanin Absent 

Having become convinced that an increase in the number of dopa- 
positive cells goes hand in hand with increased activity of pigment 
formation, we studied the opposite condition — decrease and ab- 
sence of melanin. Figure 10 shows the dopa reaction from the edge 
of a patch of vitiligo of negro skin. On the left is seen normal pig- 
mented negro epidermis with its dopa-positive cells. Then comes a 
zone of bizarre dendritic cells, as is usual at the margin of pigmen- 
tation or depigmentation. On the right the colorless skin begins. 
Here the dopa-positive cells have disappeared, together with the 
melanin. This disappearance of the dopa-positive cells in vitiligo 
was described first by Bloch,^ who reported a similar disappearance 
of dopa-positive cells from the hair matrix of graying hair.^ 

Figure i r shows the dopa reaction from the edge of a black spot on 
the white ear of a guinea-pig. Melanin and dopa-positive cells are 
abundant in the black spot, totally absent from the white skin. 
Bloch ’ and his school have shown repeatedly that there are no dopa- 
positive cells in albino skin and that no amount of radiation wiU elicit 
either melanin or dopa-positive cells in such skin, although in non- 
albino skin it is a simple matter to produce both of them by radia- 
tion (Lutz Thus, whether the absence of melanin be congenital 
(albino) or acquired (vitiligo) , where there is no melanin there are no 
dopa-positive cells; or, to put it the other way, where there are no 
dopa-positive cells no melanin is made. 

Melai^n Reappears 

The final proof that dopa-positive cells are concerned in melanin 
production is that they are the invariable precursors of melanin’s 
appearance or reappearance. Among dermatologists it is well known 
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agree with him again that wherever melanin is being produced in 
excess, there the dopa-positive cells are increased in number and 
often in complexity of dendrites also. Figure 3 is the dopa reaction 
of normal negro skin from the breast. The dopa-positive cells are 
more numerous than in the normal Caucasian skin of Figure 2. In 
this negro skin most of the dopa-positive cells are round and devoid 
of dendrites, negativing the common belief that a melanoblast must 
be dendritic. Figure 4 shows circumanal skin from another negro. 
The dopa-positive cells are numerous; many of them are dendritic. 
Figure 5 shows the increased number of dopa-positive cells in the 
epidermis of a dark brown patch of von Recklinghausen’s disease in 
Caucasian skin. All of these melanoblasts are round, -without den- 
drites. Figure 6 shows Caucasian skin that has been tanned by ex- 
posure to X-ray. Here melanin production is very active. The dopa- 
positive cells of the epidermis are numerous. The many leucocytes in 
the corium are an expression of the X-ray .dermatitis. 

Thus, it matters not whether the pigmentation be racial (negro), 
or pathologically congenital (von Recklinghausen) or acquired, or a 
reaction to radiation from -without (simlight, radium, thorium, X- 
ray), the increased production of melanin is attended by an increase 
■ in the dopa-positive cells. 

Figure 7 shows the dopa reaction of a pigmented mole, illustrating 
Bloch’s conception of the distinction to be made between active and 
latent melanoblasts. This distinction -will be discussed under the 
caption Latent Melanoblasts. In the upper zone of this mole there is 
abundant melanin; here the nevus cells are strongly dopa-positive. 
Passing do-wnward there is less and less melanin and correspondingly 
the dopa reaction grows fainter and soon disappears. Three-fourths 
of the cells in this ne-vns are producing no -visible melanin; these cells 
are dopa-negative. The limitation of melanin production to the 
upper layers of a pigmented mole is common. It is seen again in 
Figure 8. In both of these moles the melanin-producing cells are 
round and devoid of dendrites. 

Dendritic Cells 

The common belief that melanoblasts must be dendritic is an error 
carried over from the frog histology which has long dominated hu- 
man melanogenesis. It is true that active melanoblasts are often 
dendritic, but they are not necessarily so. In the pigmented skins 
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man '^buccal mucosa” (site not stated). Becker found both mel- 
anin and dopa-positive cells in Adachi’s locations and added the 
normal mucous membrane from the middle of the cheek and from 
the pharynx at the level of the hyoid bone. Laidlaw and Cahn 
found dopa-positive cells and melanin in normal human gum (Fig. 
12); Laidlaw (unpublished) in normal anal canal. The presence of 
melanoblasts explains the occurrence of primary melanoma in these 
mucous membranes and also the absence of primary melanoma in 
non-ectodermal mucous membranes which normally harbor no 
melanoblasts and make no melanin. 

In blonds, melanin and dopa-positive cells of the mucous mem- 
branes are scanty, as they are in blond skin; in the mucous mem- 
branes of negroes and brunets, they are abundant, an observation 
already made by Adachi in regard to melanin. To the naked eye, 
such a mucous membrane may look pink and without a trace of 
pigmentation; nevertheless, on microscopic examination melanin 
will be found in abundance. Ramel noted racial pigmentation of the 
mouth in Tziganes; Cahn observed similar racial pigmentation of the 
mouth in negroes and in a negroid type of Bavarian Jew. 


Chromatophores of the Derma 

In the upper layers of the derma of every normally pigmented 
skin there are seen cells of various shapes containing melanin. These 
cells never give the dopa reaction. Consequently according to the 
dopa hypothesis they contain no oxidase and they cannot have pro- 
duced the melanin which they contain. Often these cells are ob- 
viously phagocytic; they seize and retain any pigment that happens 
to enter the skin, such as tattoo pigment, blood pigment and gun- 
pow er. Miescher proved their phagocytic power for melanin and 
eir long retention of it by injecting melanin into living human skin 
m i various intervals afterward. To distin- 
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that some patches of vitiligo can be stimulated temporarily to repig- 
mentation by exposure to radiation (Buschke, Buschke and Mul- 
zer,2® With ^®). In such repigmentation of vitiligo, both Bloch and 
Ejssmeyer^® have reported that the dopa-positive cells reappear 
first; melanin follows. In my own observations of the repigmenta- 
tion of scars, this sequence is invariable; it is especially striking in 
negro skin. Bloch has described the same sequence in the human 
embryo, Miescher^ in the eye of the embryo chick, rabbit and 
guinea-pig. Peck in tanning of human skin by thorium radiation. 
The dopa-positive cells appear first, melanin next, never in the re- 
verse order. The inference is that the dopa-positive cells are essential 
to the production of melanin. 

The Acanthoses 

In his early experiments Bloch soon found dopa-positive dendritic 
cells to be abundant among the epithelium of the acanthoses. The 
word is Unna’s; it applies to the thickening of the prickle-cell layer 
of the epidermis seen in psoriasis, papilloma, condyloma and sumlar 
lesions. Usually there is no excessive pigmentation, often no melanin 
. whatever. This observation has been confirmed by all dopa workers. 

I have seen it repeatedly. In fact, the massing of dopa-positive den- 
dritic cells a little distance back from the margin of a granulating 
wound might be ascribed to the acanthosis always present in this 
zone quite as justly as to their being forerunners of pigmentation. 

According to Kyxle,®^ that rare spirit too early lost to dermato- 
pathology, the cells of the epidermal basal layer have two functions, 
melanin formation and proliferation. It seems that stimulation of 
either function increases the number and complexity of the dopa- 
positive cells. I have been unable to correlate this acanthotic in- 
crease of these cells with their pigment function. This phase of their 
activity awaits adequate explanation. 

Mucous Membranes 

Among mucous membranes, production of melanin is confined to 
those of ectodermal origin. Adachi®^ found melanin in the epithe- 
lium of the mucous membrane of the cheek, lower lip, prepuce and 
vagina. He was Hmited to hand-cut, unstained sections. Using both 
the silver and the dopa reaction, Redslob found melanin and dopa- 
positive cells in normal human conjunctiva, Ramel ^ in normal hu- 
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Mongol Cells 

These ribbon-like cells buried deep in the corium over the sacrum 
and along the backs of infants of all races are true melanoblasts, the 
only melanoblasts of mesodermal origin in normal human skin. 
Bloch and Bahrawy found them to be dopa-positive. As an 
anomaly I saw them in the neurofibromatous skin of von Reckling- 
hausen’s disease from over the sacrum of a Caucasian girl 18 years of 
age. As shown in Figure 13, they were dopa-positive. They black- 
ened with silver also, proving their scanty pigment to be melanin. 
Melanomas arising from these cells and from their analogues, the 
cells of blue nevi, are the only melanotic tumors of human skin to 
which the name melanosarcoma can justly be applied, a view first 
formulated by Darier,^^ prompted by a suggestion from Bloch. 

Not every nevus that looks bluish black conforms histologically to 
the Tieche-Jadassohn blue nevus.^^ Even epidermal melanin in the 
tips of long rete pegs will look bluish and not brown if there is little 
or no melanin in the surface epithelium (Fig. 1 2) . Sato ^ has made a 
similar observation of ordinary nevus nests that were deeply placed 
in the corium. The diagnosis of blue nevus, and the sequent mela- 
nosarcoma, should rest on microscopic examination. 

Sarcoma and Carcinoma 

The dopa reaction has no relation to malignancy, as such. In 
repeated tests of various forms of non-melanotic sarcoma and car- 
cinoma, I have found the tumor cells to be consistently dopa- 
negative. 

Epithelioma 

Recalling Eyrie’s dictum that the function of the epidermal basal 
cells is twofold, proliferation and melanin production, it might be 
expected that the progeny of these cells in forming an epithelioma 
would show some melanoblastic characteristics, especially since 
acanthosis or thickening of the prickle-cell layer is attended by an 
increase in the dopa-positive cells. This expectation is fulfilled. As 
in all tumors, function is performed imperfectly and irregularly. In 
some epitheliomas I find no dopa-positive cells; the dopa-positive 
cells of the overlying skin stop some distance back from the edge of 
the ulcer as they do in non-malignant granulating wounds. In other 
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Latent (Dopa-negative) Melanoblasts 

The use of the dopa reaction as a specific stain for melanoblasts 
stumbles over the difficulty that the cell capable of producing mel- 
anin is not always and everywhere dopa-positive; it does not always 
contain the oxidase. This is seen readily in pigmented moles and 
in melanomas where broad areas of the tumor are free from visible 
melanin and from dopa-positive cells. Here a negative reaction 
means nothing; only the positive cells count. (The situation is dif- 
ferent with the chromatophores of ordinary pigmented skin. Thou- 
sands of microscopic sections examined by competent dopa workers 
have never once revealed a positive dopa reaction in the chromato- 
phores of the upper derma. We may accept them as permanently 
lacking the melanin-producing oxidase). 

In his first publication, Bloch ^ wrote that in malignant melanoma 
the cells around the growing margin of the tumor were most apt to be 
dopa-positive, while many of the cells in the center of the tumor were 
negative — an observation confirmed by Miescher and by von 
Albertini and Walthard.^^ Both Bloch and Miescher point out that 
the dopa-positive melanoblast, whether dendritic or non-dendritic, 
does not always contain melanin, neither is the melanin-containing 
cell always dopa-positive. These discrepancies are explained best by 
Bloch’s ferment hypothesis, according to which a distinction must be 
made between the oxidase (which carries out the dopa reaction), and 
the finished melanin (which does not carry out the reaction) . The 
dopa-positive factor — the oxidase — appears in the cell some time 
before the resulting melanin is visible (see caption Melanin Reap- 
pears) ; the melanin itself may remain in the cell long after the oxi- ■ 
dase has disappeared (Miescher’s experimental injection of melanin 
into human skin). 

My own experience is in strict harmony with the ferment hy- 
pothesis; but, whatever the explanation, there remains the fact that 
the dopa reaction must be used with this precaution, that not all cells 
capable of producing melanin are at all times dopa-positive. In her 
studies of pigmentation of the skin of the embryo and newly born 
gray mouse, Steiner-Wourlisch foimd that even in this normal, 
progressive pigmentation the production of melanin is not con- 
tinuous, and the dopa reaction is not continuously present; there are 
intervals of rest. 
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and Meirowsky.'*® My own experience, covering hundreds of 
sections of skin stained with various silver techniques, and addi- 
tional hundreds of dopa sections compared with silver staining of the 
same skin, agrees absolutely with Bloch’s statement that the dopa 
reaction and the silver reaction are totally different things. To an 
experienced dopa worker it is obvious that Bloch’s critics have been 
misled by overstained dopa sections. The correct reactions could 
never be mistaken for one another. Silver blackens melanin where- 
ever found, in the derma as in the epidermis, in melanoblasts, 
phagocytes, and free in the lymph spaces indifferently. If the dopa- 
positive cells happen to contain melanin they will stain with silver; 
otherwise not. Dopa, on the other hand, singles out the active 
melanoblasts, leaving the melanin in the resting cells unstained. 
The only melanin that blackens with dopa is the melanin inside 
of a dopa-positive cell, on which the dopa-melanin is .adsorbed or 
deposited. 

The Dimethylparaphenylendiamin Controversy 

On the publication of the dopa reaction Kreibich declared that 
he had long secured similar effects from dimethylparaphenylendia- 
min (one of the components of the Schultze-Winkler formula), a posi- 
tion in which he is supported by Meirowsky,^® who goes even further 
and finds the dopa reaction duplicated by a whole series of easily 
oxidizable phenols. After many trials with this most highly praised 
phenol of this group, I agree with Bloch and with Walthard that 
this phenol, like silver, stains only the melanin and not the proto- 
plasm of the cell. Even when the reaction succeeds, the demonstra- 
tion of the dendritic cells is far inferior to that of the dopa reaction, 
as Meirowsky himself admits. 

The Mast Cell Controversy 

Of the many controversies prompted by the dopa reaction, the 
oddest and the least necessary would seem to be the difference of 
opinion of equally well qualified observers over the reaction of mast 
cells. That master of dermatopathology, P. G. Dnna, wrote long ago 

at mast cells abound in the snout of the white rat and in human 
neuro rbroma. It is a simple matter to immerse fresh frozen sections 
o ese tissues in dopa solution and counterstain them with cresyl 
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epitheliomas the dopa-positive cells continue in the surface epithe- 
lium over the tumor, or a few scattered dopa-positive cells are seen 
among the tumor epithelia, chiefly in the basal layer. As in the 
acanthoses, these cells are mostly dendritic. Their presence in an 
epithelioma seems to have no significance. 

Melanosis Coli 

In melanosis coli the tunica propria of the mucosa contains many 
large, round, stellate and spindle cells loaded with yellow-brown 
granules. In the specimens which I have examined the pigment re- 
acts like melanin in that the fine granules blacken quickly in silver, 
while the larger granules require a long time, perhaps several days. 
Current opinion is divided as to the nature of the pigment, but is 
agreed that it has been absorbed from the intestinal contents and 
phagocytized by these cells. The view that the cells are phagocytes 
is corroborated by Walthard’s^® finding them dopa-negative at 
autopsy. 

Negative dopa reactions of autopsy material are open to suspicion, 
owmg to the length of time that necessarily elapses between death 
and the immersion of the tissue in dopa. By the kindness of Doctor 
Janssen, I was able to immerse a specimen of diffuse melanosis of 
the upper part of the rectum in dopa within two hours of its excision 
from the living body. Microscopically the mucosa presented the 
t)q)ical appearance of melanosis coli. The pigment-bearing cells 
were dopa-negative. There were no dopa-positive cells, except poly- 
nuclear leucocytes which abound in this mucosa. I have treated 
many fresh surgical specimens of colon and rectiun with dopa and 
also tested them for melanin with silver with consistent negative re- 
sults. The conclusion is that there are no melanoblasts and no 
melanin in the colon or in the rectum above the mucocutaneous 
junction. It follows that the occurrence of primary melanoma above 
this line is highly improbable. If it occurs, it must spring from mis- 
placed islands of ectoderm. 

The Silvee Conteoversy 

Soon after Bloch’s first publications Heudorfer^® declared that 
there is nothing specific in the dopa reaction and that it merely dupli- 
cates pigment staining with silver, an assertion endorsed by Lem- 
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violet. In such sections it is seen beyond any possible doubt that 
Bloch scores once again. The mast cell, both in the white rat and in 
human neurofibroma, is dopa-negative. The reader may see this for 
himseh in Figures 5 and 13, from the same von Recklinghausen 
neurofibroma. These sections contain m)Tiads of mast cells, not one 
of which has become visible in the dopa solution. 

Summary 

1. Bloch’s dopa doctrine is endorsed as the best working hy- 
pothesis of melanin production in human skin. 

2. The dopa reaction is indispensable in the study of pigmented 
moles, melanoma and the movements of melanin. 

3. In the identification of melanoblasts with the dopa reaction, 
only the positive cells are significant. 

4. The appearance of dopa-positive dendritic cells in non- 
pigmented acanthoses remains unexplained. 

5. In the controversies which have arisen over the dopa reaction, 
Bloch’s histological findings are corroborated. 

In conclusion I must thank Professor Bloch for his kindness in 
sending me a portion of his dwindling store of dopa in the beginning 
of these studies two years ago; Dr. S. N. Blackberg of the Depart- 
ment of Pharmacology, who showed me how simple a matter the 
dopa reaction could be made to be; Dr. Jerome Webster for many 
fresh specimens from his plastic surgery clinic; and Professor Purdy 
Stout who generously places his choicest material at my disposal. 
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DESCRIPTION OF PLATES 
Plate 83 

All fibres are untouched photomicrographs of dopa reactions at pH 7. 4 and 
at 37 C for from 3 to 4 hours. 
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Plate 84 

.1. ,\ ' 'inal circumanal skin from another negro. The dopa-positive cells of 
. ! i/’dermis are ver}'’ black, verj’’ numerous and most of them are dendri- 
!t. this corium there are many chromatophores loaded with melanin; 
'• c._ nf them blacken in dopa. 

- . Dark brown patch of von Recklinghausen pigmentation of Caucasian 
- iM. Melanoblasts of the epidermis very numerous. Almost all of them are 
' v,nd, a few are dendritic. 

■j. Caucasian skin tanned by X-ray. Dopa-positive cells of the epidermis 
much more numerous than in the normal epidermis of Fig. 2 . In the papil- 
iary layer of the corium there are many black leucocytes, an expression of 
the X-ray dermatitis. 



AiEERicAN Journal of Pathology. ^'’'OL. VIII 


Plate 83 






Plate 85 

] ;/:nLnted mole. In the center is a hair in its follicle. There is much 
1; ,r in the upper layers of the mole and here the nevus cells are strongly 
. '■‘•'.tive. very black. Passing domiward the melanin decreases and 
mdingly the dopa reaction becomes fainter. In the lower part of the 
. , \ here no melanin is being produced, the nevus cells are dopa-negative. 

■'■nother pigmented mole with the same features as Fig. 7. In both of 
moles the active melanoblasts, the nevus cells, are round and free 
n dendrites. 
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Plate 86 


Fig. 9. I’nuiMial pigmented mole consisting entirely of dendritic cells, all of 
them (Fjpu -positive. From the arm of a negress. 

’ ' !C^ 7. and 9 from patients of Dr. Webster.) 

F'' , I' ’■g'ii of patch of vitiligo of negro skin. On the left, normal negro 
i with abundant melanin and dopa-positive melanoblasts. In the 
■ . .he zone of bizarre dendritic cells usually seen at the margin of ac- 

o mentation or depigmentation of the epidermis. On the right, the 
. l‘. '' epidermis; both melanin and dopa-positive cells have disappeared. 

' .i'.ent of Dr. j\Iarie Karelitz.) 

iidge of black spot on white ear of guinea-pig. In the epidermis of the 
I k spot, melanin and dopa-positive melanoblasts are abundant; they are 
uitally absent from the epidermis of the white skin. At the margin of the 
black spot, where melanin becomes scanty, the outline of the dendritic 
melanoblasts is seen more clearty. 
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Plate 87 


Fig. 12. Sl'ir, i pigmentation of gum of Latin-American; black hair, dark 

eyci T. ' - Idle third of the very thick stratified epithelium there are 
ma n;, ■ ■ , >iii\-e dendritic cells. The melanin itself is situated chiefly in 


the ■ 

IjV-': ' ,1 

'•I tl'.;, 
th : 

Cahnn 


: ■- ef the very long, slender rete pegs. The deep situation of the 
: , ’ the absence of superficial pigment accounts for the blue color 
0. although the melanin is exclusively in the epithelium and not in 
jT'-. as in the Tieche-Jadassohn blue nevus. An X mark has been 
. below the tips of the longer rete pegs. (Patient of Dr. Lester 


fiG. 13. Dopa-positive Mongol cells. Neurofibromatous skin in von Reckling- 
hausen’s disease from over the sacrum of Caucasian girl (Polish Jew) 18 
years of age. The corium is very' thick, averaging 1.5 cm. The groups of 
ribbon-like cells are situated deep in the corium, in its middle or lower third. 
They are filled with fine granules of melanin. (Patient of Dr. Webster.) 
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the dextrorotatory form. la powder, as purchased, dopa keeps in- 
definitely at room temperature. 

Dissolve 0.3 gm. of dopa powder in 300 cc, of cold distilled water. 
Keep well corked in the refrigerator, where it will remain good for 
many weeks. The solution is usable as long as it is colorless or only 
slightly tinged with red. Darker red solutions should be rejected; 
they oxidize too quickly and overstain the sections. 

Correcting an Error 

Dr. Peck calls our attention to a printer’s error that has dogged the 
steps of the dopa reaction. Bloch uses dopa in a solution of o.i of i 
per cent and he has never used anything else. Unfortimately in the 
literature, even in Bloch’s and Peck’s own papers, in Romeis’ popu- 
lar Taschenbuch (p. 295), and in Ehause’s Enzyklopadie der mikro- 
skopischen Technik (Vol. 3, p. 1785), the concentration has been 
printed incorrectly as from i to 2 per cent. Let it be understood 
then that the correct proportion is i :iooo and that any statement to 
the contrary is a printer’s error. 

The Bdefers 

Dissolve ir gm. of disodium hydrogen phosphate (Na2HP04+ 
2 H2O) in 1000 cc. of distilled water. 

Dissolve 9 gm. of potassium dihydrogen phosphate (KH2PO4) in 
1000 cc. of distilled water. Both of these buffers are kept in the 
refrigerator. 

Just before cutting the sections, buffer to 7.4 by adding 2 cc. of the 
potassium phosphate and 6 cc. of sodium phosphate buffer to 25 cc. 
of the stock dopa solution. For a small batch of a dozen sections we 
use 15 cc. of the buffered solution, but we prepare double the quan- 
tity immediately required in order to have enough to renew the solu- 
tion in half an hour. Return the stock dopa solution and the surplus 
of the buffered solution to the refrigerator immediately; at room 
temperature the stock solution soon oxidizes and turns red, the buf- 
fered solution tends to turn brown. 

At a given temperatme, the speed of the reaction is determined by 
the pH. At 7.4 the reaction will be finished in 4 or 5 hours at 37° C. 
men in a hurry, we hasten the reaction by using only i cc. of the 
potassium buffer, giving a pH of 7.7; or we may omit the potassium 
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II. A SIMPLE TECHNIQUE FOR THE DOPA REACTION 

George F. Laidlaw, M.D., and Solon N. Blackberg, Ph.D. 

{From the Laboratories of the Department of Surgery and of the Department of 
Pharmacology, College of Physicians and Surgeons, Columbia University, 

New York, N. Y.) 

Bloch’s dopa reaction is a specific stain for melanoblasts and for 
myelogenous leucocytes. These cells are believed to contain an or- 
ganized ferment which oxidizes dioxyphenylalanin (dopa) to mel- 
anin. The dopa-melanin colors the reacting cell black. This black- 
ening of the cell is the dopa reaction.^ 

In the published descriptions success with the dopa reaction is 
attributed to a somewhat meticulous observance of certain chemical 
details. Blackberg proved that many of these precautions can be 
dispensed with. In fact, we have come to treat the dopa reaction 
with so little ceremony that when a specimen comes into the labora- 
tory late in the day we put frozen sections in a small vial of buffered 
dopa in an inside pocket until the solution turns sepia brown, wash 
the sections in tap water and mount them the next day. However, 
we prefer to work with a uniform temperature and to control the 
reaction with the microscope. The following simple method gives 
constant and accurate results. The reagents required are a stock 
solution of dopa and the Sorensen buffers. 

The Stock Dopa Solution 

This is a I :iooo solution of 3, 4 -dioxyphenylalanin (abbreviated to 
dopa) f in distilled water. Dopa is a phenol extracted from Vicia 
faba, a common vetch or sow bean. The levorotatory preparation 
should be used, since Bloch and Schaaf ^ and Peck and coworkers 
have shown that melanoblasts have little or no oxidizing power over 

Received for publication April 22 , 1932. 

t When ordering, specify “for Bloch’s dopa reaction.” Supplied by the Amencan 
branch of Hoffmann-LaRoche, Nutley, New Jersey, at 95 cents per gram. With the 
minute quantity used, the cost of staining a dozen or more sections is less than 2 cents. 
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Refrigeratio 7 i: We have tried with little success to preserve 
melanoblasts in the refrigerator. As with formalin, strongly positive 
melanoblasts survive for several days; faintly reacting cells disappear 
overnight. 

Leucocytes: The ferment of the myelogenous leucocyte endures 
much longer than that of the melanoblast. In fact, fresh leucocytes 
react all the better for a few days in strong formalin and after 2 or 3 
months they may still react well. Even for leucocytes there is a 
time limit, 3 to 4 months, beyond which most of them no longer 
blacken in dopa solutions. 


Cutting the Sections 

Frozen sections are obligatory since the chemicals of celloidin and 
paraflon embedding would destroy the ferment. It is important to 
remember that water extracts the ferment quickly. Neither the 
block nor the sections should lie in water longer than the few seconds 
of a quick rinse. Before cutting the sections, the dopa solution 
should be buffered and poured into dishes ready to receive the sec- 
tions without delay. 

In order to exhibit the long dendrites of melanoblasts some of the 
sections should be very thick, 75 to 100 microns; others may be from 
20 to 30 microns for better detail. Sections of fresh tissue are 
dropped from the knife directly into dopa. If the tissue has been in 
formalin, the sections are rinsed for a few seconds in distilled water 
and placed promptly in the dopa solution. Since the reaction is an 
oxidation the dish is left uncovered for free access of air. 


Temperature and Time 

The dish of dopa containing the sections is put in the incubator at 
37 C for about half an hour. Then the fluid is replaced by fresh 
solution, which in the meantime has been kept cold in the refrigera- 
tor. For this renewal of the solution there is a reason. Some tissues 
are suffiaently acid to lower the pH below 7.0, in which event the 
fluid remains red and the cells do not oxidize dopa to melanin. They 

Other hand, tissue that has been in forma- 
th ’p ^ neutralized formalin, hastens the oxidation, darkens 

fore easily overstains. Since it is impossible to 

lorcsee the presence of these disturbing factors, and since water 
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buffer, obtaining a pH of 8.2. Such solutions react quickly, in about 
60 minutes at 37° C. They should be inspected every 20 minutes to 
forestall overstaining. These hurried reactions are apt to be over- 
stained; the slow reactions give much more delicate pictures. 

A trace of acid inhibits the reaction. A trace of alkali hastens it. 
All glassware therefore should be scrupulously clean. 

Feesh Tissue Required 

MelanoUasts: For a dopa reaction of melanoblasts the tissue must 
be fresh. After death or excision of the tissue from the living body, 
the intracellular ferment soon diffuses into the surrounding tissue 
and it is quickly destroyed by most fixatives and preservatives. The 
ideal material is a frozen section of fresh tissue made immediately 
after excision from the living body. However, it is difficult to cut 
fresh tissue neatly. In practice we follow Bloch’s present custom of 
hardening thin slices of freshly removed tissue in 5 per cent formalin 
for 2 to 3 hours. After this short fixation the tissue cuts better and 
such experienced observers as Bloch, Miescher, Becker and Peck 
testify that the reaction is in no way impaured by this short stay in 
5 per cent formalin. Neither the gross specimen nor the sections 
should be permitted to He in water for more than a few seconds. 
Water and dilute alcohol extract the ferment rapidly. 

In our experience, Walthard goes too far in permitting a stay of 3 
days in formaHn. We have made innumerable efforts to preserve 
tissue overnight for a dopa reaction the next day. We have tested 
commercial formaHn (plain and neutralized with sodium hydrate), 
and Merck’s neutral formaHn, both plain and further neutralized 
with chalk (Cajal’s practice), from 1 per cent to 100 per cent. Mel- 
anoblasts last best in 5 per cent formaHn, whether neutralized or 
not. However, the result is always a gamble and depends on the 
quantity of ferment originaUy present in the ceUs. If in the fresh 
tissue the dopa-positive ceHs are black and numerous, they may stiU 
be found after 3 weeks or more in 5 per cent formalin. If in the fresh 
tissue the dopa-positive ceUs are pale, indicating little or feeble fer- 
ment, the}’- will disappear in any formalin vithin 10 to 12 hours. All 
workers agree that the best concentration of formalin is 5 per cent. 
Weaker solutions extract the ferment; stronger formalins aboHsh the 
reaction quickly. 
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frequently to prevent overstaining. The objection to rapid reactions 
at high temperatures is that the fluid soon darkens from spontaneous 
oxidation of dopa to melanin. The dopa-melanin stains the whole 
section an even dark brown. In these rapid reactions it is not easy 
to seize the exact point where the reaction should be checked to 
prevent overstaining. Bloch is certainly right in insisting that the 
slower reactions give the more delicate pictures. 

COUNTERSTAINING AND MOUNTING 

The reaction finished, wash the sections in water, dehydrate, clear 
and mount in balsam, or counterstain in any way desired. The dopa 
stain is a fast black which resists all the usual reagents except hydro- 
gen dioxide and similar oxidizing bleaches. The paradox of melanin 
being produced by the oxidation of dopa, and disappearing with 
further oxidation, is explained by its being the one colored stage 
in a series of oxidations, the stages before and after it being quite 
colorless. 

The browns, blacks and grays of a correct dopa reaction form an 
extremely delicate picture. We dislike to obscure it with a counter- 
stain. A dopa section, a silver stained section and a wholly un- 
stained section mounted side by side constitute a very instructive 
series. Some sections of the batch may be counterstained for general 
topography or for special features, such as mast cells, plasma cells, or 
elastic fibers. As a counterstain Bloch and dermatologists generally 
use methyl green-pyronin. We prefer cresyl violet well differentiated 
with alcohol, as giving a paler ground. All counterstains take better 
if the dopa sections are first dehydrated, cleared, and brought back 
through alcohol to water. 

Surgical Preparation of the Skin 

Through all dopa literature runs the warning that surgical prepa- 
ration of the skin with chemicals, especially with iodin, inhibits 
the dopa reaction. If true, this would be unfortunate; for most of the 
skin coming into a surgical laboratory has been painted with iodin. 
However, the statement cannot be strictly true because the greater 
part of our collection, including some of our finest specimens of 
dopa-positive dendritic cells, consists of skin that was painted with 
iodin and washed with alcohol in the usual surgical way. 



MELANOMA STUDIES. H 


495 


cannot be used to wash them out, we make it a routine practice to 
change the dopa. The first dopa washes out any objectionable sub- 
stances and the reaction proceeds imhindered in the fresh solution. 
At times we have found sections of rectum and colon so acid that two 
changes of dopa were required before the red of the acid solution 
changed to the sepia brown of a correct reaction. Under these cir- 
cumstances a liberal quantity of dopa solution should be used. 

Having replaced the first dopa with fresh solution, the reaction is 
inspected every half hour. In 2 or 3 hours the fluid turns reddish, 
then sepia brown. The appearance of the sepia tint signals the end 
of the reaction. At this point a section is rinsed and examined under 
the microscope. In the perfect reaction the bodies of the dopa-posi- 
tive cells (melanoblasts and leucocytes) are gray or black, melanin 
retains its natural yellowish brown color, and collagen is colorless or 
the palest shade of gray. If a darker stain of melanoblasts is de- 
sired, the section is returned to the dopa solution for another half 
hour or so. The beginner will do well to mount a section every half 
hour from the beginning to the end of the reaction, continuing until 
the solution has become black. Such a series of sections is an instruc- 
tive panorama of the progress of the reaction. It will show him 
clearly that much of the criticism of the dopa reaction is based on 
overstained sections. 

The time in the incubator will vary with different specimens. Of 
two tissues prepared alike, cut and dropped into separate dishes of 
dopa at the same time, one may darken more quickly than the other. 
The color of the section is a fair guide to the progress of the stain. 
A well stained section is colorless or pale gray; a pronounced smoke 
gray indicates overstaining. However, it is much better practice to 
control the reaction with the microscope. 

Bloch, Walthard and European writers generally prefer a slow re- 
action at a lower temperature, leaving the sections in dopa for from 
12 to 24 horns “at room temperature,” which they state to be 
18° C. In an American laboratory it is difficult to secure a constant 
temperature of 18° C (64° F). Our own laboratory is 23° C (73° F) 
in winter and from 26 to 28° C in summer. Sections left in dopa 
overnight are invariably found to be overstained in the morning. 
For this reason we use 37° C as more easily controlled. 

The reaction proceeds much more quickly in the paraffin oven at 
56° C. At this temperature the sections should be inspected more 
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again in distilled water; leave lo minutes in saturated solution of 
hypo, wash in distilled water, stain the nuclei with hematoxylin and 
mount in balsam. 

Summary 

A simplified technique for the dopa reaction is described and dis- 
cussed in detail. 

Note; For the interpretation of the dopa reaction with illustra- 
tions and complete literature, the reader is referred to the previous 
paper.® 


REFERENCES 

1. Bloch, B. Das Pigment. Jadassohn’s Handbuch der Haut- und Gesch- 

lechtskrankheiten. Berlin, 1927, i, part i. 

2. Bloch, B., and Schaaf, F. Ueber die Pigmentbildung in der Haut, unter 

besonderer Beriicksichtigung der optischen Spezifitat der Dopaoxydase. 
Klin. Wchnschr., 1932, li, 10-14. 

3. Peck, S. M,, Sobotka, H., and Kahn, J. Zur optischen Spezifitat der 

Dopaoxydase. Klin. Wchnschr., 1932, 11, 14. 

4. Bloch, B., and Peck, S. M. Der Nachweis der Oxydase in den Zellen des 

myeloischen Systems dutch 3, 4-Dioxyphenylalanin. Folia hcctnaL, 1930, 
41, 166-173. 

5. Laidlaw, G. F. Melanoma Studies. I. The dopa reaction in general 

pathology. Ain. J. Path., 1932, 8, 477. 



MELANOMA STUDIES. H 


497 


In order to test tins point, in the excision of a series of scars and 
pigmented moles Dr. Jerome Webster kindly offered to use no Rkir> 
preparation other than washing with soap and water followed by 
alcohol. These specimens were sectioned and placed in dopa within 
an hour of their excision, without contact with formalin or even with 
water, the sections being dropped from the knife directly into dopa 
solution. The results were very fine but we cannot say that they 
were uniformly better than in many similar specimens that had been 
painted with iodin and immersed in dopa with equal promptitude. 
As already noted in the efforts to preserve melanoblasts in formalin 
and with refrigeration, it is possible that strongly positive cells sur- 
vive the iodin, while weakly positive cells disappear. Be that as it 
may, our ejqjerience indicates that the prospective investigator of 
the dopa reaction need not be deterred from using surgical material, 
even though it has been treated with iodin. We have even had good 
reactions from skin and mucous membranes that had been painted 
with picric acid, as used in the Squier Urological Clinic, to which we 
are indebted for some very fine specimens. 

Leucocytes 

Myelogenous leucocytes stain more quickly than melanoblasts. 
To secure a delicate picture of leucocytic granules, the reaction must 
be checked before the melanoblasts are fully stained. As in the 
Schultze-Winkler reaction, leucocytes stain more uniformly in a 
strongly alkaline solution. Taking advantage of this principle, Bloch 
and Peck ^ have recently recommended a special dopa technique for 
myelogenous leucocytes in blood films; it is useful for sections also. 

The film s are fixed in hot formol fumes for 20 minutes and im- 
mersed in 1:1000 dopa prepared with physiological salt solution. 
Then 0.2 cc. of o.i normal sodium hydrate is added for each 10 cc. of 
the stock dopa. The mixture turns yellow, then brown. It is left at 
room temperature for from i to 2 hours. A slide is examined micro- 
scopically every half hour. When the leucocytic granules are stained 
uniformly, usually in i to hours, the slides are washed in running 
water and treated like ordinary films. 

Bloch and Peck have devised an ingenious method of accentuating 
the sharpness of the granule staining by washing the film in distilled 
water and immersing it in 2 per cent silver nitrate for 2 hours. Wash 
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In the first group of joints a thin strip of cartilage was removed 
from the weight-bearing surface of the medial femoral condyle and 
from the middle of the patellar groove. In a second group of joints a 
single thin fragment of articular cartilage was removed from the 
patellar groove, one-half of the fragment being replaced as a loose 
body or cartilage “joint mouse.” From the third series of joints a 
strip of articular cartilage and subchondral bone was removed from 
the concavity of the patellar groove, divided, and one fragment was 
returned to the joint cavity as a cartilage and bone “joint mouse.” 
In two dogs disarticulation through one knee joint was done. In 
these instances the s)movial membranes and joint capsules were 
sutured over the ej^osed femoral articular surfaces. All operations 
were performed aseptically imder ether anesthesia. Postoperatively 
the dogs were allowed the freedom of an indoor stall and an outdoor 
pen. The joints operated upon were not immobilized or splinted. 

After varying periods of time each dog was etherized and the 
blood vessels of the rear extremities were perfused with 6 per cent 
acacia-saline solution. The perfusion was terminated by the injec- 
tion of a suspension of graphite. This procedure was carried out so 
as to fill as many of the blood vessels and capillaries as possible with 
a substance that could easily be recognized both on macroscopic and 
microscopic examination. A 6 per cent acacia solution made up in 
a85 per cent sodium chloride solution was used as the perfusate. 
The paphite suspension was prepared from Hydrokollag 300, as 
described by Di^er and ChurchiU.i The suspension was repeatedly 

centn uged until pggregates large enough to cause embolism were 
reduced to a minimn-m 


The injection of the blood vessels of the rear extremities was ac- 
comphshed by means of a perfusion pump.* The foUowing method 
use ^ . ac dog was anesthetized with ether followed by sodium 
25 to 35 mg. per Kg. A midhne abdominal in- 
werp T vessels of the abdomen and pelvis 

domin«T°^!?' ^gatures were passed around the lower ab- 

The ^ same level around the inferior vena cava. 

cannula dirp branches and a wash-out 

cted toward the aorta was inserted. The pump was ad- 


of opfra^g'^tSs Smp'k to Dr. C. K. Drinker. The method 

I^rinker, K. R., and Lund, C. C., 



A STUDY OF THE REPAIR OF ARTICULAR CARTILAGE AND 
THE REACTION OF NORMAL JOINTS OF ADULT DOGS 
TO SURGICALLY CREATED DEFECTS OF ARTICULAR 
CARTILAGE, “JOINT MICE” AND PATELLAR 
DISPLACEMENT* 

Granville A. Bennett, M.D., and Walter Bauer, M.D. 
wrrn the surgical assistance of 
Stephen J. Maddock, M.D. 

{From the Department of Pathology and the Surgical Research Laboratories, 
Harvard Medical School, and the Medical Clinic of the 
Massachusetts General Hospital, Boston, Mass.) 

A review of the literature reveals that opinion is divided as to 
whether or not articular cartilage is capable of regeneration. Certain 
workers have reported having observed regeneration of articular 
cartilage, yet the explanations offered regarding the manner of this 
regeneration are not in agreement. Because of these conflicting re- 
ports it was decided to study surgically created defects of articular 
cartilage in order to determine not only the ability of articular car- 
tilage to regenerate and its manner of regeneration, but also whether 
or not any constant intra-articular changes could be ascribed to the 
existing articular cartilage defe^. In certain experiments a portion 
of the removed cartilage was replaced in the joint from which it was 
removed in order to note its fate and to see if its presence resulted in 
any pathological changes. In a few experiments marked joint 
changes were associated with accidental displacement of the patella. 
These are reported because they seem to be of value in explaining 
similar changes noted by previous workers. 

Materials and Methods 

The knee joints of normal, yoimg adult dogs were used in all ex- 
periments. Each experimental procedure was carried out upon at 
least four joints so as to obtain for study similar lesions of four, 
twelve, twenty and twenty-eight weeks duration. 

* This is publication No. 8 of the Robert W. Lovett Memorial for the study of 
crippling disease, Harvard Medical School, Boston, Massachusetts. 
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depth of the patellar groove. The patella was replaced and the in- 
cision was dosed in layers by continuous sutures. The skin was 
approximated with interrupted mattress sutures of silk and a collo- 
dion dressing applied. 

The fragments of cartilage removed were measured and placed in 
Zenker’s fluid for fixation. Subsequent histological sections showed 
all of these fragments of cartilage to be entirely normal. In two of 
the lesions the calcified zone of cartilage had been removed in small 
areas, together with the overl5dng articular cartilage. Such traumat- 
ization was apparent at operation because of slight oozing of blood 
from the injured subchondral blood vessels. Postoperatively, a 
small effusion occurred in three of the joints. In these joints, and 
two others showing an increase in synovial fluid, the patellae were 
found displaced to the medial aspect of the femoral articular surface. 
Such patellar displacement is worthy of emphasis since it appeared 
to be the important factor of sterile irritation which resulted in ex- 
tensive intra-articular pathology, whereas in the joints in which the 
patellae remained in their normal positions, the changes observed 
were very slight, or absent. 

Macroscopic Examination of Joints 

The knee joints containing defects in articular cartilage of four, 
twelve and twenty weeks dmation were all foimd to contain an ex- 
cess (2 to 5 cc.) of synovial fluid which was visdd and light amber in 
color. Differential cell counts made on these fluids immediately 
postmortem showed an average of 62 per cent mononuclear phago- 
cytes, ig per cent lymphocytes, 17 per cent polymorphonuclear 
leucocytes and 2 per cent synovial cells. The patella in each instance 
was displaced so that it rested upon the iimer side of the medial pa- 
tellar ridge of the femur. The patellae showed varying degrees of 
atrophy and degeneration most marked in the joints with lesions of 
four and twelve weeks duration. In the joints least involved the 
cartilage had disappeared in an area of about 5 mm in diameter, 
^^^^^°^dral bone exposed. In the most markedly altered 
joint the patella showed practically complete degeneration of carti- 
lage with roughening and fragmentation of the underlying bone. 

The synovial membrane in these joints showed marked viUous 
oyergrou’th in the more vascular portions. On microscopic examina- 
tion these villi were seen to consist of vascular connective tissue 
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justed SO as to deKver 220 to 260 cc. per minute of the warm (37° C 
perfusate at a pressure which was approximately the same as thi 
blood pressure of the dog. As the perfusion was begun the ligatun 
about the aorta was tied and the right side of the heart was opened 
In this manner a circulation of 6 per cent acacia was substituted in- 
stantaneously for the normal circulation of the rear extremities 
Perfusion was continued until all grossly detectable blood had beer 
washed out. At that time 100 cc. of prepared graphite suspension 
was forced into the cannula through the wash-out opening by means 
of a 100 cc. syringe. Enough pressure was used to maintain a short 
column of graphite ahead of the perfusing fluid. As the last of the 
^aphite was injected the sacral artery and inferior vena cava were 
ligated so as to prevent its escape. The rear limbs were then skinned, 
amputated and before immersion in 10 per cent formaldehyde solu- 
tion the muscle bellies were separated sufficiently to allow ready 
penetration of the fixative. After the legs had become well hardened, 
the soft tissues were completely removed. The joints were opened, 
examined and photographed. Numerous blocks of tissue from th^ 
articular surface, underlying bone and synovial membrane were’' 
taken for microscopic study. The blocks of tissue containing bone 
were decalcified in 5 per cent nitric add solution and embedded in 
celloidin. The blocks of S3movial membrane were for the most part 
embedded in paraffin. Microscopic sections were stained routinely 
with hematoxylin and eosin. Occasional sections were stained by 
spedal methods for the demonstration of fibrin and collagen. 


Experiment I. Repair of Defects in the Hyaline Carti- 
lage OF THE Weight-bearing and Non-weight-bearing 
■Articular Surfaces, and the Reaction of Joints to 
Displaced Patellae 

Operation: Each knee joint was opened by a longitudinal incision 
just lateral to the patella. Bleeding into the joint space was care- 
fully avoided. The patella was displaced medially and the joint was 
sharply flexed so as to expose the weight-bearing articular surface of 
the medial condyle. A small, thin piece of cartilage which averaged 
4-6 by 3 by 0.5 mm. in size was removed from this area by means of a 
gouge. In each joint another thin strip of cartilage averaging 10 by 
3.3 by 0.5 mm. in size was removed in the longitudinal axis from the 
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the former location where pressure and friction of opposing articular 
surfaces may have retarded or prevented its formation. 

The most recently made defect (four weeks) in the patellar groove 
was covered by a slightly adherent mass of fibrin. This fibrin clot 
was attached to the s3movial membrane at the upper margin of the 
articular surface by two thin, narrow adhesions (Fig. 6). 

The lesions in the patellar grooves of twelve and twenty weeks 
duration were completely or in part covered by a vascular connec- 
tive tissue which could be seen in the gross examination to extend 
downward from the upper margin of the articular cartilage (Fig. 2). 

The remaining joint in this experiment represented lesions of a 
twenty-eight week period. In this joint the patella was found to be 
in its normal position. Clinically there was no evidence of effusion 
and no excess of fluid was found when the joint was opened. There 
were no important changes from normal in the synovial membrane 
or articular cartilage. The defects in cartilage were very similar in 
gross appearance to the freshly made defects as viewed at operation 
(Fig. 7 ). 

Microscopic study of the areas where articular cartilage had "been 
worn away by the friction of the dislocated patella revealed flat even 
surfaces of uncovered subchondral bone which were polished and 
eburnated (Fig. 8). 

Microscopic Examination of the Defects in Cartilage 

Histological study of the lesions of four weeks duration on the 
weight-bearing and non-weight-bearing surfaces of cartilage revealed 
them to be very dissimilar. The lesion in the femoral condyle was an 
empty concavity extending down to the deepest one-third of carti- 
lage. All of the cartilage cells had disappeared from a surrounding 
zone of matrix for a distance approximately equal to the width of the 
two columns of cartilage cells. In this acellular zone the cartilage 
matrix stained lightly and was fibrillated. Occasional recognizable 
lacunae from which cells had disappeared were seen. The surround- 
ing columns of cartilage cells converged slightly toward the base of 
the defect. Several enlarged rounded clusters of cartilage cells were 
prominent in each section at the junction of the acellular zone of 
cartilage matrix and the deeper normal appearing cartilage (Fig. 9). 
The defect m the patellar groove was filled with a fibrillar mass 
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centers, surrounded in each instance by a number of layers of 
s)movial lining cells. With few exceptions such villi were but moder- 
ately infiltrated with lymphocytes and mononuclear phagocytes. 
There was no exudate or cellular reaction in any of the joints of a 
degree suggestive of bacterial infection. Another manifestation of 
these joint changes was that some form of pannus had grown out 
from the synovial membrane at the margin of the articular cartilage. 
Such pannus was made prominent by the intra-vascular graphite in- 
jection (Figs. I and 2). The defect in the patellar groove of twelve 
weeks duration (Fig. 2), was covered in its upper one-half by the 
downgrowth of blood Vessels and connective tissue from the upper 
margin of articular cartilage. The blood vessels and capillaries were 
very numerous and weU fiUed with graphite (Fig. 3). In the joint 
containing lesions of twenty weeks duration the entire cartilage of 
the patellar groove was covered by pannus. 

In all joints with dislocated patellae the articular surfaces were 
greatly altered. Marginal proliferation of articular cartilage had oc- 
curred (Fig. 4) . Such proliferative changes were very marked in the 
joint which had been operated upon but four weeks previously (Fig. 
5). The margins of cartilage in these joints were raised, scalloped 
and nodular. Numerous blood vessels and capillaries had grown in- 
ward from the adjoining S3movial membrane. Histological examina- 
tion revealed that the elevation of the articular cartilage margin was 
due in large part to the formation of new subchondral bone. In con- 
trast to these proliferative changes there were areas of degeneration 
and atrophy of cartilage on the inner sides of the medial patellar 
ridges where the patellae had rested (Fig. 6). These proliferative 
and degenerative changes in articular cartilage, together with the 
overgrowth of subchondral bone, are similar to the changes encoim- 
tered in human hypertrophic arthritis. 

The dimensions of the surgically created defects in cartilage which 
were not obscured by pannus corresponded very accurately to the 
dimensions of the fragments of cartilage removed. Usually the mar- 
gins' of these defects were slightly rounded and less distinct in out- 
line than when first made. In most instances they appeared slightly 
more shallow. All of the defects on the weight-bearing surfaces of 
the medial femoral condyles were more sharply defined than the ma- 
jority of lesions in the patellar groove. This difference was due in 
part to the absence of any paimus overgrowth or fibrinous deposit in 
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In the joint representing lesions of twelve weeks duration the up- 
per portion of the defect in the patellar groove was covered by vascu- 
lar connective tissue “pannus” which extended onto the margin of 
the adjacent normal articular cartilage in a thin layer (Figs. 2 and 3). 
This pannus was slightly attached to the underlying cartilage by 
occasional fibroblastic-appearing cells which extended across the 
line of junction. In the lower one-half of the defect the gap in carti- 
lage was filled with newly formed tissue which was intimately fused 
with the original cartilage and contained no injected blood vessels or 
capillaries. In places no separating line between original cartilage 
and recently formed tissue could be distinguished because of the close 
similarity of the newly formed intercellular material and the origi- 
nal cartilage matrix. Clusters and columns of well formed cartilage 
cells extended across the line which marked the boundary of the de- 
fect into the newly formed tissue. It was evident in this specimen 
that proliferation of cartilage cells had occurred (Fig. 12). The su- 
perficial cells of the repairing tissue had the morphology of fibro- 
blasts and merged into the superficial cartilage at the margin of the 
defect. Examination of serial sections through the defect in the 
weight-bearing surface of this joint revealed that a few small blood 
vessels accompanied by fibrous tissue had grown in from the peri- 
chondrium at the articular margin. A number of these blood vessels 
had become thrombosed. The repairing tissue in its deepest layers 
resembled cartilage. In it were clusters of cells within lacunae. The 
matrix of the newly formed and old cartilage was fused. In several 
areas it appeared that the newly formed cartilage was growing out 
from old cartilage and that actual regeneration of cartilage had 
taken place. This impression was gained because clusters of carti- 
lage cells extended across the line of fusion between the newly 
formed tissue and original cartilage. Some of these cells could not 
be distinguished histologically from those in the normal cartilage. 
There were no demonstrable alterations in the adjoining tissues. 

The reparative processes in the lesions of twenty weeks duration 
were somewhat different from those already described. Vascular 
connective tissue filled the defect in the patellar groove. In this in- 
stance, however, it spread out in a thin layer over the entire articular 
surface. Although the tissue deepest in the defect slightly resembled 
cartilage, it was not intimately fused with original cartilage and 
there was no histological evidence that proliferation of cartilage cells 
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whicli stained in a manner characteristic of fibrin. The presence of 
such a fibrin clot seems readily explainable on the basis of injured 
capillaries and blood vessels -where the subchondral bone had been 
exposed and traumatized by the abnormal position of the patella on 
the inner side of the medial patellar ridge (Fig. 6 ). This mass of 
fibrin was seen to be undergoing avascular organization by the in- 
grcwth of fibroblasts at the margins of the defect. In addition to the 
sparsely disseminated fibroblasts, the fibrin clot contained a few scat- 
tered mononuclear phagocytes and occasional polymorphonuclear 
leucocytes. This defect was, in its greater part, surrounded by a 
lightly stained zone of cartilage matrix. Differing from the lesion 
already described, however, the margin of this defect near the sur- 
face of cartilage was not acellular (Fig. 10). In these regions oval 
and fusiform-shaped cells were present. They were often surrounded 
by lightly stained or unstained hyaline matrix. In a number of in- 
stances such cells appeared to have been entirely separated from 
surrounding intracellular substance and the impression was gained 
that some of them were extending by direct growth into the fibrin 
clot. In a few areas irregular depressions in the cartilage matrix at 
the superficial margins of the defects were filled -with these fusiform 
cells; some were so intimately related to the cartilage matrix as to 
justify the conclusion that they arose from the original cartilage cells 
(Fig. ii). Serial sections through the two adhesions which extended 
from the synovial membrane above the articular cartilage into the 
upper portion of the fibrinous mass revealed that fusiform-shaped 
cells morphologically characteristic of fibroblasts were gro-wing 
through these strands of fibrin. Thus it would appear that connec- 
tive tissue cells were gro-vving into the mass of fibrin from two sources, 
one the original articular cartilage, the other the synovial membrane 
at the upper margin of the articular surface. Such fibroblastic in- 
growth appeared to be the first stage in one type of repair which was 
always encountered when subchondral bone had been injured or 
whenever sufficient intra-articular change had occurred as to result 
in pannus formation. 

A number of blood vessels well filled with graphite extended into 
the deeper layers of the surrounding normal articular cartilage of this 
joint through gaps in the calcified zone. No other abnormalities 
were noted in the calcified cartilage, subchondral bone or marrow 
spaces. 
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synovial villi from the vascular portion of the synovial membrane. 
An exceedingly vascular pannus had overgrown the patellar groove. 
Numerous loose, white, rounded bodies (“joint mice’’) were floating 
free within the joint (Fig. 1 5). These loose bodies measured from i 
to 8 mm. in greatest diameter. It was evident that they had origi- 
nated in the synovial membrane at its junction with the articular 
cartilage where many were in process of detachment. This observa- 
tion was confirmed by histological examination. Microscopically the 
“joint mice” were seen to consist of circular, oval, or irregularly 
shaped masses of tissue which had an abundant amount of hyaline 
intercellular material. In some portions this intercellular material 
showed a fibrillar background. Several layers of cells, having the 
morphology of fibroblasts, paralleled the surface of these bodies. In 
the central portion of some of them, grouping of cells into pairs and 
clusters had occurred so that by virtue of their morphology and ar- 
rangement they resembled cartilage cells (Fig. 16). Very few mitotic 
figures were found in the peripheral layers of fibroblasts, indicating 
that these bodies were growing with considerable rapidity although 
floating free within the joint space. Thrombosed blood vessels were 
present within occasional floating bodies, indicating as did the gross 
appearances, that they had taken origin in the hypertrophied villi at 
the articular margins. One loose body which was thin and oval in 
shape was histologically consistent with the original implanted frag- 
ment of cartilage, although considerable alteration in its structure 
had taken place. The cartilage cells were less evenly placed in the 
matrix than normal, a number of them were elongated, and at the 
periphery at one end of the fragment there was evident proliferation 
of fusiform cells. This fragment was entirely avascular. 

All of the remaining knee joints used in this experiment, including 
the one which was substituted for the original twelve week experi- 
ment, were relatively normal. The patellae were normal in relation 
to the other structures. None of the joints contained a demonstrable 
excess of fluid and there was no important intra-articular pathology 
other than a slight hypertrophy of the synovial viUi. There was no 
appreaable macroscopic evidence of healing of the defects in carti- 
lage in any of these joints. 

The fragments of cartilage which were placed within the joints 
were recovered in three specimens and verified by histological ex- 
amination. One of these fragments was free within the joint. Al- 
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had occurred. The lesion on the weight-bearing surface of the fem- 
oral condyle was represented by a shallow depression, the deepest 
two-thirds of the defect having been filled with an avascular tissue 
which in its deepest portion was true hyaline cartilage (Fig. 13). 
Examination of a large number of sections through this lesion indi- 
cated more clearly than did the sections of previously described 
joints, that there had been proliferation of original cartilage cells 
(Fig. 13). Such evidence was present in the form of lengthened clus- 
ters of cells which extended across the line of fusion of the new and 
old matrix. These columns of cells converged toward the defect from 
their basal layers. Many of the individual cells had assumed elon- 
gated shapes and certain of these cells appeared immature in type. 

In creating the lesions which were to represent reparative changes 
after twenty-eight weeks, the calcified zone of cartilage had been 
broken and the subchondral bone had been traumatized. In both of 
these lesions new bone trabeculae had been formed and proliferation 
of connective tissue into the defects from beneath had occurred. In 
the lesion on the medial condyle a small area of this repairing tis- 
sue resembled cartilage and a new layer of calcified cartilage was in 
process of formation (Fig. 14). In these lesions the margins of 
sectioned cartilage showed no evidence of repair by regeneration. 

Experiment II. “Joint Mice” Composed of Hyaline Carti- 
lage: Their Fate and Effect upon Intra-articular 
Tissues 

Operation: The operative procedures used for these experiments 
were similar to those already described. A superficial strip of articu- 
lar cartilage was removed from the patellar groove. Each fragment 
of cartilage was divided, one portion being returned to the joint as a 
loose body. The remaining portion was saved for histological ex- 
amination. 

Because of obvious displacement of the patella in the joint of the 
twelve week experiment, an additional joint was operated upon. A 
comparison of these two joints containing identical lesions of the 
same duration proved to be of interest. In the joint in which the 
patella had become displaced the knee joint was enlarged and con- 
tained about 5 cc. of viscid amber fluid. The patella was markedly 
atrophied and degenerated. There was a tremendous overgrowth of 
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margins of the defect were sharply outlined. A narrow zone of un- 
stained cartilage matrix formed an easily recognized boundaiy 
where original cartilage had been removed. For the most part this 
zxyne of matrix was acellular; however, a few clusters of cells from the 
original cartilage were extending through it to lose their identity in 
the newly formed repairing tissue. There was no evidence of cellular 
proliferation at the margins of the defects in the superficial one-half 
of the articular surface where there was no adjoining newly formed 
fibrous tissue. 

The defect from the joint operated upon twenty-eight weeks pre- 
vious to examination showed slight reparative changes. The defect 
was in large part lined by unstained matrix; however, in the depth of 
the crater, cartilage cells had grown into this zone from beneath to 
form clusters of from six to twelve cells each (Fig. 18). Several of 
these groups of cells were enclosed in thin-walled lacunae (Fig. ig), 
while in other fields the surrounding deeply stained margin of the 
matrix had disappeared and the cells were extending into the newly 
formed tissue which covered the base of the defect (Figs. 20 and 21). 
The base of this defect, which was entirely within articular cartilage, 
was covered by recently formed repairing tissue about the thickness 
of the calcified zone of cartilage. This repairiug tissue was, on the 
surface, morphologically characteristic of fibrous tissue (Fig. ig). 
However, in the deepest portion it had the histological appearances 
of cartilage (Fig, 20). 

Expebiment III. “Joint Mice” Composed oe Hyaline Carti- 
lage AND Subchondral Bone 

The operative procedure for this experiment was identical with 
that used in the preceding one except that subchondral bone was re- 
moved to an approximate depth of 2 mm. with the overlying carti- 
lage. The fragments were divided and one-half of each fragment was 
returned to the joint. Care was taken to prevent the escape of blood 
into the joint space by dela3dng closure imtil all oozing from the 
subchondral blood vessels had been controlled. 

Pathological Examination: The joint representing the lesion of 
iom weeks duration showed no prominent intra-articular changes 
aside from the unhealed defect in the patellar groove. However, a 
swcUing nnthin the joint capsule was noted. TWs swelling contained 
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though the cartilage cells were viable, there had been considerable 
alteration in their arrangement, and growth of cells which had the 
appearance of fibroblasts was seen at one end of the fragment. The 
other cartilage implants had been in large part surrounded by the 
synovial membrane of the fat pad below the patella. One of these 
fragments stained in a manner characteristic of viable cartilage and 
the majority of the cartilage cells appeared normal. There were, 
however, a considerable number of empty lacunae from which carti- 
lage cells had disappeared (Fig. 17). The remaining fragment of 
cartilage which was identified was of the same shape and size as 
when implanted. In it a large munber of cartilage cells had degener- 
ated, others were shrunken and contained pyknotic nuclei and the 
matrix was faintly stained. None of tkese cartilage ‘‘mice” had 
become vascularized. 

Histological examination of the defect in cartilage of four weeks 
duration showed neither evidence of cartilage regeneration nor any 
other t3rpe of repair. The defect had remained as an empty con- 
cavity surrounded by a lightly stained zone of matrix from which the 
cartilage calls had disappeared. Death of cartilage cells had likewise 
occurred in the superficial portion of the articular cartilage of the 
patellar groove at the edges of the defect. This defect extended 
down to but did not include any of the calcified zone of cartilage. 
The remainder of the femoral articular surface appeared normal in all 
respects. 

The defect in cartilage from the joint of the twelve week experi- 
ment was almost identical in its microscopic appearance to the one 
already described. In this joint, however, the cartilage cells ap- 
peared entirely normal in every portion of the joint except at the 
immediate margin of the defect crater, A slight amount of fibrosis 
of the marrow tissue immediately below the lesion in cartilage had 
occurred. 

In the joint representing the twenty week experiment the defect 
extended through the calcified zone of cartilage into the superficial 
subchondral bone. The base of the defect was covered by avascular 
fibrous tissue which was about twice the thickness of the calcified 
zone of cartilage. This fibrous tissue resembled cartilage in its deep- 
est layers. New bone trabeculae had been built up beneath the de- 
fect and it was evident that the fibrocartilage was still being replaced 
by bone. A zone of calcified cartilage had begun to reform. The 
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Microscopic study of the defects in these joints revealed that bone 
had been removed by surgical means to a depth of about twice the 
thickness of articular cartilage. In the earliest lesion, that of four 
weeks duration, the defect was represented by a deep, sharply out- 
lined depression. At the defect margins there was evidence of great 
osteoclastic resorption of injured bone trabeculae with practically no 
evidence of bone formation. The surrounding marrow spaces were 
filled with vascular connective tissue which was continuous with 
immature connective tissue that filled the deepest portion of the de- 
fect. The margms of sectioned articular cartilage were sharply de- 
fined, acellular, and there was no histological evidence of prolifera- 
tion of cartilage cells (Fig. 25). The defect of twelve weeks duration 
was more shallow. There was less osteoclastic resorption of original 
bone to be seen. New bone formation was present, as was shown by 
the thickening of the adjoining original bone trabeculae and the 
presence of numerous osteoblasts. The newly formed bone merged 
into the fibrous tissue which in the deepest portion of the defect re- 
sembled fibrocartilage more than in the preceding joint. The sur- 
rounding marrow spaces were filled with a very vascular fibrous tis- 
sue. In this specimen the fibrous tissue which filled the defect was 
fused with the deepest layer of articular cartilage at the defect mar- 
gms (Fig. 25). There was, however, no evidence of proliferation of 
cartilage cells and the margins of sectioned cartilage were covered by 
light staining hyaline matrix from which the cells had disappeared. 

The older defects, twenty and twenty-eight weeks duration, in 
this experiment had become more shallow since the greater portion 
of the concavity had been filled in with bone. Such bone was com- 
posed of thick, irregularly placed trabeculae. The intertrabecular 
spaces were largely filled with fibrous tissue and a considerable 
amount of apposition of bone by osteoblastic activity was present. 
The superficial layer of recently formed bone merged imperceptibly 
into the dense connective tissue and fibrocartilage which formed the 
surface tissue in the defect. This fibrocartilage was fused intimately 
with the articular cartilage at the defect margin (Fig. 26). The only 
histological difference between the repairing tissue and the original 
cartilage was that in the recently formed tissue the cells lacked char- 
acteristic grouping into lacunar spaces and columns. After studying 
the above sequence of changes one is forced to conclude that this 
newly formed and imperfect cartilage developed through stages of 
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a cavity wlu’cli comrtninicalod v/ilh the joint space by a small sinus 
tract. Witlun the cavity were several small fragments of tissue 
which appeared to be the remains of the implanted loose body. It 
was apparent that the false oj>cning from tlie joint space was due to 
imperfect healing of the surgical incision. 

In the joints containing lesions of twelve and twenty weck.s dura- 
tion, as in the preceding joint, there were no imi>ortant intra-articu- 
lar dianges from normal accompanying the defects and ‘'joint mice” 
(Fig. 22). In all of these joints the patellae were found to be in their 
normal |>o.sitions. Tiic defects in the patellar grooves were sharpl}'- 
outlined (Fig. 22). 

It should be emphasised a.gain that in preceding cA'periments, 
where no patellar displacement had occurred, no ingxjrtant inlra- 
articular pathology was found (Fig. 2s). 

In contrast to the above joints the patella in the twcnty-ciglit 
week specimen was displaced so as to overlie the inner patellar ridge. 
As in similar instances already described, lliis abnonnality was ac- 
companied by extensive proliferative changes in the synovial mem- 
brane (Fig. 2 . 0 , and both proliferative and degenerative changes in 
the cartilage of the femoral and patellar surfaces. The defect in the 
joint was obsaircd by a mass of vascular connective tissue. Tlic 
fragment of cartilage and bone which liad been implanted in tlus 
joint was not found. 

In the joint representing the lesion of cartilage and bone after 
twelve weeks, the implanted fragment was found unattached in a 
small concavity of the fat pad just below the patella. There liad 
been considerable absorption of bone, all of tlic bone cells had de- 
generated, and the marrow spaces were filled with fibrous tissue 
wliich resembled cartilage. There was no evidence of any bone for- 
mation, neither was there evidence of proliferation of endosteal cells. 
Tlie hyaline cartilage of the fragment had remained viable in its en- 
tirety. It showed no regressive changes in either cells or matrix. 
This entire loose body was surrounded by a narrow layer of prolif- 
erating fibroblasts. 

The loose body in the joint operated upon twenty weeks pre- 
viously was partially surrounded by synovial membrane. Tlic bony 
portion of tlus fragment had been absorbed, wliereas the cartilage 
matrix was well preserved. The cartilage cells in the greater part of 
tlie fragment had maintained a normal appearance. 
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at the margins of the cartilage. All of the sections showed superficial 
cartilage depressions and areas in which the cartilage cells had de- 
generated, leaving lightly stained and slightly fibriUated cartilage 
matrix. In the midzone of articular cartilage many of the cartilage 
cells had become fusiform in shape and occurred singly or in clusters. 
This finding serves to emphasize the fact that mature cartilage cells 
may acquire, imder appropriate stimulus, the morphology of fibro- 
blasts. 

Discussion 


Although numerous workers have studied the repair of defects 
made in hyaline cartilage of articular surfaces, there has been no 
substantial agreement of opinion regarding the ability of cartilage to 
regenerate, or by what method repair of cartilage occurs. It is prob- 
able that the existing confusion is due to the facts that in most pub- 
lications no clear differentiation has been made between repair by 
proliferation of connective tissue from neighboring tissues and inde- 
pendent regeneration of cartilage ; that the repair of lesions of carti- 
lage with injury to subchondral bone have not been separated from 
the repair of lesions made entirely within articular cartilage; and 
that much of the work from which deductions have been drawn was 
done before the time when the importance of strict asepsis in joint 
operations was realized. 


Since an inclusive review of the literature pertinent to the regen- 
eration of hyahne cartilage has been recently recorded by Shands,^ 
references to previous work will be minimized in this report. One 
may divide the opinions of earlier authors into three groups: (i) 
those who beheve that independent regeneration of adult articular 

cartilage does not have 
the ability to regenerate, and (3) those who believe that regeneration 

occurs through proliferation of fibroblasts with subsequent meta- 
plasia into cartilage. 
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metaplasia from the t3Tpical fibrous tissue which originally fiilled the 
defect (Fig. 25). Such fibrous tissue probably took origin in the con- 
nective tissue of the marrow spaces in the subchondral bone. 

Experiment IV. Changes in Articular Cartilage Asso- 
ciated mTH THE Removal of Opposing Articular 

Surfaces 

After unsuccessful attempts had been made to maintain separa- 
tion of articular cartilage surfaces within unopened joints, disarticu- 
lation with careful closure of the s3movial membrane and joint cap- 
sule over the exposed femoral articular surfaces was resorted to in an 
attempt to obtain some information as to the importance of apposi- 
tion of cartilage surfaces in maintaining normal nutrition. The 
patellae and patellar ligaments were utilized in covering the de- 
nuded articular ends. The approximation of the margins of the 
flaps to reform a synovial-lined space proved fairly satisfactory. 
Specimens of twelve and twenty-eight weeks duration were obtained 
for study by this method. There was no material difference either in 
type or degree of the changes from normal which occurred in these 
specimens. 

Pathological Examination: When the synovial membrane was in- 
cised at the margins of the articular cartilage, fine “cobweb” and 
coarse adhesions were encountered. These adhesions were present 
in several areas although there were numerous small synovial spaces 
remaining. The uncovered surfaces of articular cartilage were non- 
glistening, gray in color and showed numerous areas of partial 
atrophy or complete degeneration. 

When gross sections of cartilage and subchondral bone were made 
it was noted that the cartilage was very thin, even in the least 
changed areas, and that there was marked atrophy of the sub- 
chondral bone. 

Microscopic examination revealed that very marked thinning and 
decalcification of the subchondral bone trabeculae had occurred. 
The articular cartilage was everywhere thinned out. In places it had 
completely degenerated. In a number of areas the calcified zone of 
cartilage was much thinner than normal. In some of the sections the 
surface of articular cartilage was covered by a thin layer (five to ten 
cells deep) of fibroblasts which could be traced to the perichondrium 
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cartilage existed at the margins of the articular surfaces as corn- 
pared to the central areas. He explained this difference on the basis 
of better nutrition and the presence of perichondrium in the former 
location. However, no clear distinction between the repair of those 
lesions in which subchondral bone had been injured and those in 
which only cartilage bad been traumatized was made. More re- 
cently Shands,^ after studying the repair of lesions in articular carti- 
lage in dogs, came to the conclusion that cartilage did not regenerate 
in less than four weeks and that when regeneration did occur it pro- 
gressed through stages of fibrin formation, granulation tissue, fibrous 
tissue and transformation of fibrous tissue into cartilage. He was im- 
able to demonstrate any difference in the regenerative powers of car- 
tilage in the various areas of the articular surfaces. Key and Ito ^ 
observed that repair of defects in hyaline cartilage and subchondral 
bone occurred by the proliferation of fibrous tissue from the marrow 
spaces, with subsequent transformation of the fibrous tissue into car- 
tilage. Attention was called to the observation that the injured sur- 
faces of both bone and cartilage die and that repair occurs through 
the proliferation of the osteogenic cells lining the marrow spaces.^ 
The present series of experiments indicate that adult articular 
cartilage does have a limited ability to repair aseptic lesions within 
its substance by independent regeneration of cartilage. The powers 
of such regeneration, however, are feeble and not always demon- 
strable. The greatest regenerative activity was noted in defects on 
the weight-bearing surfaces of the femoral condyles, whereas a lesser 
proliferative activity was found in the non-weight-bearing surface of 
the patellar groove. It was in the latter location that no reparative 
reaction was seen in two joints where the lesions had been present for 
periods of four and twelve weeks. A satisfactory explanation of this 
complete absence of regeneration in the two lesions described is not 
possible. The fact that none did occur, however, serves to empha- 
size the feeble ability of cartilage cells to proliferate, particularly the 
cartilage cells which are most distant from the perichondrium at the 
articular margins. It is only fair to point out the possibility that 
the animals in which no repair occurred may have been older than 
the others, since the exact ages of the dogs could not be ascertained. 
Only adult dogs * showing no evidences of advanced age were se- 

The repair of articular cartilage in young dogs before epiphyseal union has oc- 
curred vail be commented upon in a subsequent report. 
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located shallow defects and linear incisions showed no reparative re- 
action after long periods of time. Fasoli ^ described degenerative 
changes in surrounding cartilage cells and matrix immediately fol- 
lowing injury. At a later time he noted proliferative changes in 
cartilage cells at the margins of the defects with division of cartilage 
cells by mitosis after nine days. He described slow, progressive, 
proliferative changes until complete repair had occurred. Even after 
six months time he found doubtful evidences of continued regenera- 
tion around the defect margins. 

2. Haebler^ concluded from his experiments that defects in 
articular cartilage which did not include subchondral bone showed 
no evidence of healing from the borders of the defects within 304 
days. He further concluded that when connective tissue or fibro- 
cartilage was found filling the injured cartilage, serial sections 
would reveal that subchondral bone had been injured in some small 
area. It was also the opinion of Geis ® that clean aseptic wounds in 
cartilage do not heal and that cartilage does not possess the power of 
regeneration. Geis, however, did find that in the presence of infec- 
tion healing of cartilage occurred so as to leave little or no evidence 
of the defect. The ability of hyaline cartilage to regenerate in adult 
mammals is denied by Maximow and Bloom.'^ They state that 
wounds repair by the ingrowth of connective tissue from the peri- 
chondrium or the nearest fascia and that the failure of independent 
regeneration of cartilage is due to the inability of mature mammalian 
cartilage cells to divide mitotically. In tangentially placed super- 
ficial wounds of cartilage which did not extend into subchondral 
bone, Ciociola ® observed scarcely any reaction. He did observe the 
repair of wounds in cartilage which extended into subchondral bone. 
Such repair occurred by connective tissue proKferation and trans- 
formation into hyaline cartilage. 

3. Healing of wounds in articular cartilage, by the proliferation 
of fibrous tissue from one of a number of sources, has been described 
by several authors. Redfern ® in 1851 stated that wounds in articu- 
lar cartilage heal perfectly by fibrous tissue, which he believed to 
arise from the intercellular substance and cells of the articular carti- 
lage. Gurlt concluded that defects in cartilage are repaired by a 
fibrous, and at times cartilage-like tissue, but that it is never com- 
pletely replaced by cartilage and true regeneration of cartilage does 
not occur. Fisher reported that greater regenerative ability of 
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synovial cells becoming implanted in such a mass of fibrin , growing 
as fibroblasts and thus taking part in the organizing process. The 
fibrin which formed within this and other joints probably resulted 
from injury to capillaries and blood vessels where cartilage and sub- 
chondral bone were worn away by the displaced patellae. Through 
a continued coimective tissue growth and proliferation of vascular 
endothelium from the articular margins, pannus was eventually 
formed. The defects, and later the surface of cartilage, became cov- 
ered by vascular connective tissue in the non-weight-bearing sur- 
faces of the joint. In the defects, the deepest layer of pannus later 
became transformed into tissue that histologically resembled fibro- 
cartilage. In one lesion in the patellar groove independent repair by 
proliferation of cartilage cells was apparent in the lower one-half of 
the defect, whereas in the upper one-half the repairing tissue was 
being absorbed in the pannus which was growing downward from the 
synovial membrane at the upper margin of the articular surface. 

A third type of repair took place in those lesions which extended 
into subchondral bone. In such instances a proliferation of connec- 
tive tissue from the marrow spaces occurred. Proh'ferating fibro- 
blasts, accompanied by fairly numerous blood vessels, filled the 
deepest portion of the concavity of the defect and the surrounding 
marrow spaces. In the older lesions it was noted that a great deal of 
intercellular substance had been formed by the fibroblasts. In the 
deepest portions of the defects the newly formed tissue had been 
transformed into bone. The new bone merged into an intermediate 
layer of dense, rather avascular connective tissue, while on the sur- 
face the repairing tissue had acquired the morphological appearance 
of imperfect hyaline cartilage. The original bone trabeculae about 
the margins of the defects had been widened by osteoblastic activity 
and the marrow spaces had maintained a richer blood supply than 
normal. In occasional specimens a new zone of calcified cartilage had 
partially reformed and extended into the repairing tissue from the 
calcified zone of cartilage at the margin of the defect. It was not 
until periods of twenty or twenty-eight weeks had elapsed that the 
defect crater had in large part been filled. At that stage the surface 
layer of newfy formed tissue was avascular, resembling cartilage in 
the amount and staining quahty of its intercellular substance and in 
the morphology of its cells. Although the matrix of the new carti- 
age V, as fused "with the matrix of the original cartilage, the new cells 
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lected for use. When proliferative changes do occur in defects in 
cartilage, one finds a convergence of cell columns toward the base of 
the defect with the formation of superficial clusters of cartilage cells 
to indicate that original cartilage cells have multiplied within 
lacunae. No indication as to the manner of division of these cells 
was obtained from these experiments, although it should be noted 
that mitotic figures were observed by other workers after nine ^ and 
twelve days.® No lesion in the present series was examined before a 
duration of four weeks. The sequence of changes which appeared to 
have occurred were the projection of such clusters of cells into the 
acellular zone of cartilage matrix at the margin of the defect, with 
disruption of the lacunar margins and the spread of cartilage cells 
over the surface of the defect. In several instances a continuation of 
cartilage cell columns across the line of j'unction of the new and origi- 
nal tissue could be traced. Ultimately the newly formed tissue 
within the defect developed, by virtue of the amount and staining 
quality of its intercellular substance and the morphology of its cells, 
a distinct resemblance to hyaline cartilage. Perfect hyaline carti- 
lage, however, was not reformed in these lesions. 

A different form of repair occurred in the defects of the patellar 
groove in the joints where the patellae had become displaced. In 
these instances vascular connective tissue (pannus) spread over the 
defects from the articular margins. The earliest changes of this sort 
were observed in a lesion of four weeks duration. The defect was 
filled with a mass of fibrin into which fibroblasts were growing from 
the superficial levels of articular cartilage at the margins of the de- 
fect and from the synovial membrane at the upper margin of the 
articular surface. A careful histological study of the articular carti- 
lage at the immediate margin of the defect revealed that lightly 
stained or imstained cartilage matrix surrounded scattered carti- 
lage cells. A number of these cells in each section appeared to have 
been liberated entirely from hyaline matrix and the impression was 
gained that some, of them were growing into the fibrin clot and were 
therefore in part responsible for the early avascular organization 
which was occurring. Cartilage cells have been grown in tissue cul- 
ture and it is not illogical to assume that a similar type of growth 
may occur within joints. The great variety of ways in which mesen- 
chymal cells may differentiate or dedifferentiate because of location 
and function, causes one to consider also the possibility of detached 
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which the patella had become pennanently displaced following the 
displacement at operation. Such changes did not occur in any of the 
joints in this series where the patella remained in its normal position. 
The occurrence of spontaneous and progressive defects in articular 
cartilage and subchondral bone in bovine joints without other im- 
portant intra-articular changes is further evidence that the defects 
themselves are not a cause of other important joint changes. Asso- 
ciated with the patellar dislocation, each joint of the present series 
showed marked h3^ertrophy of the synovial villi and marked mar- 
ginal “lipping” of cartilage due to proliferation of the subchondral 
bone. Atrophy and degeneration of cartilage occurred where the 
patella had moved about in its abnormal location, and polishing with 
ebumation of the uncovered bone followed the degeneration of carti- 
lage. In each of these joints, pannus, which was made prominent by 
the intravascular injection of graphite ink, developed on the non- 
weight-bearing surfaces of cartilage. It is a noteworthy fact that 
pannus did not extend over the weight-bearing surfaces of the con- 
dyles in the joints in which it had formed in other areas. This fact 
indicates that weight-bearing and motion of the opposmg articular 
surfaces may retard or prevent the formation of pannus. “Joint 
mice” developing from hypertrophied and detached synovial villi 
occurred in most of these greatly altered joints. 

The atrophy and degeneration of cartilage with pannus over- 
growth that occurred in joints in which the femoral articular surfaces 
were removed from contact with other cartilage by amputation 
through the knee joint was similar to that observed by others.®’ 
These findings suggest that the apposition of one articular surface 
with another is probably important in the maintenance of normal 
hyaline cartilage. 

Summary 

1. Studies concerning the repair of surgical defects made in hya- 
line cartilage of normal adult dog joints, the joint reaction to loose 
bodies of cartilage and cartilage with attached bone, and the joint 
reaction to displaced patellae are reported. Each type of lesion was 

examined after periods of four, twelve, twenty and twenty-eight 
weeks duration. 

2. Some form of repair occurred in seven of the nine defects which 
were made entirely within the articular cartilage of the weight-bear- 
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did not acquire the usual distribution in columns such as is char- 
acteristic of normal articular cartilage. 

The fragments of articular cartilage “Joint mice” which had been 
returned to the joints from which they were removed were found to 
contain a few empty lacunae from which cells had disappeared. The 
majority of cells, however, were viable and the greater part of the 
matrix stained with normal intensity. The entire fragments were 
found to be of essentially the same shape as when implanted. In 
most instances they had been surrounded by vascular connective 
tissue of the synovial membrane and thus removed from the joint 
space. The tendency for removal of fragments of cartilage from the 
articular space was noted by Ito in experimenting with rats. He 
believed that the small size of the joints in his experiments may have 
been an important factor in causing their removal. In the present 
experiments, the bone of the cartilage and bone implants had been 
destroyed or was in process of being removed. In these same frag- 
ments the cartilage had not undergone necrosis, and in one instance 
showed no evidence of any retrograde change. It is a noteworthy 
fact that this fragment had remained entirely free within the joint 
for a period of twelve weeks, in contrast to the less well preserved 
fragments of cartilage which had been removed from the joints. 
Harbin and Moritz^® described the survival of collodion-encased 
fragments of articular cartilage in knee joints for as long as thirty- 
two days. 

The findings from the present series of experiments indicate that 
neither the presence of surgically created defects within cartilage or 
cartilage and bone, nor the presence of loose bodies of cartilage or 
cartilage with attached bone are, in themselves, a cause of important 
associated intra-articular pathology. Such an observation is not in 
agreement with the conclusions of Key who reported inconstant, 
but at times marked joint changes of the hypertrophic type in rab- 
bits from which he had removed small pieces of cartilage and under- 
l3dng bone. He was unable to explain the variability of the patho- 
logical changes which followed these similar operations, although he 
was of the belief that they were due to the presence of the surgically 
made defects. Haebler ® associated arthritic changes in experimental 
joints with displaced patellae. In the present group of experiments 
important intra-articular changes of a t3q)e similar to the changes in 
hypertrophic arthritis of man were encoimtered in every joint in 
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suggest the importance of the apposition and weight-bearing of ad- 
joining articular surfaces in maintaining the proper nutrition of 
hyaline cartilage, 

9. The application of a method of capillary and blood vessel in- 
jection with a substance, which is easily recognized on macroscopic 
and microscopic examination, is described. 
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ing and non-weight-bearing articular surfaces. The two exceptions 
were represented by lesions in the patellar groove of four and twelve 
weeks duration. 

3. In the defects which extended into subchondral bone and in 
those defects where pannus, accompanying displaced patellae, 
covered the defects the reparative changes passed through stages of 
fibrous tissue and fibrocartilage to the formation of an imperfect 
form of hyaline cartilage. The fibrous tissue originated in the con- 
nective tissue of the bone marrow, in the marginal synovial mem- 
brane and apparently, in some instances, from articular cartilage 
ceUs. 

4. Histological evidence of repair of cartilage by proliferation of 
cartilage ceUs was present in four of the six defects which were en- 
tirely within cartilage and not covered by pannus. Such prolifera- 
tion was most marked in the lesions made in the weight-bearing sur- 
face of the femoral condyle. In no instance was repair complete or 
perfect within the twenty-eight week period. In the majority of 
lesions the repairing tissue filled but a smaU portion of the defect 
crater. 

5. In these experiments marked intra-articular changes similar to 
those of human hypertrophic arthritis occurred in every joint in 
which the pateUa became displaced. Such joints showed pannus 
formation, hypertrophied synovial villi, “joint mice” formation and 
proliferative and degenerative changes in the articular cartilage and 
subchondral bone at the articular margins. 

6. The presence of small defects in cartilage, or defects which ex- 
tended into subchondral bone, was not a cause of important joint 
pathology in these experiments. 

7. Cartilage and bone and cartilage fragments returned to the 
joints from which they were removed did not produce any signifi- 
cant intra-articular changes. The bone of the bone and cartilage 
fragments had been resorbed or was in the process of resorption, 
whereas the cartilage had remained viable in large measure in aU in- 
stances. In the majority of specimens the implanted loose body had 
been surrounded by connective tissue and thus removed from the 
intra-articular space. 

3 . Extensive atrophy of cartilage and pannus formation over the 
surface of cartilage occurred within a twelve weeks period, when dis- 
articulation through the knee joint was performed. These findings 
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Plate 88 

Fig. I. A.gross photograph of the articular surface of the femur, showing p 
nus at the synovial margin of the intercondyloid notch and at the lat; 
margin of the patellar surface. The blood vessels are filled with 
ink. The surgically made defect of four weeks duration is visible on 
medial condyle, x 2.5. 

Fig. 2 , An anterior view of the articular end of the femur showing sur^n 
defects of twelve weeks duration. Associated with displacement of 
patella the articular surface has become widened and elevated at the 
gins. Note the extension of pannus from the upper margin of cartilage on 
the upper one-half of the defect in the patellar groove, x 2.5. 
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Plate 89 

l ' ", \ photomicrograph ^Yhich shows the changes in one-half of the twelve 

. : cl s old defect in the patellar groove. Note the numerous graphite-filled 
( ■oc i vessels in the pannus, the formation of fibrocartilage in the deepest 
cr of repairing tissue and the sharply outlined and acellular margin of the 
(h' feet. The section -was made through the upper one-half of the lesion into 
’..hlch blood vessels had extended (Fig. 2). x 76.5. 

' 4. Proliferative changes in articular cartilage of the hypertrophic type are 

illustrated in this photograph of a joint which contained defects of twelve 
weeks duration. The patella was displaced during the entire twelve week 
period. X 2.5. 
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Plate 90 

\ lateral view of the femoral end of a joint operated upon four weeks 
• . I'er. The patella became displaced and, as was invariably the rule, pro- 
i'le.aiivc and degenerative changes in articular cartilage occurred. Note 
v.'jLi'rinal proliferation, elevation and vascularization of cartilage. X 2,5. 

t. photograph of natural size, showing atrophj’’ and degeneration of 
r.nicular cartilage on the medial side of the joint where the patella had 
rested. The defect in the patellar groove is covered over bj’’ an avascular 
and partially organized fibrin clot which is attached to the sjmovial mem- 
brane at the upper margin of the articular surface by two adhesions, 

. 7. A photograph of natural size, showing the sharply outlined surgical de- 
fects in the cartilage of the patellar groove and femoral condyle after 
twenty-eight weeks duration. The patella was not displaced and the joint 
remained essentially normal. 
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Plate gi 

' . A photomicrograph showing eburnation and polishing of bone where the 
ardcuJar cartilage has been worn awaj"^ during a four weeks period by the 
'i.ioiocated patella, x 76.5. 

' . A section through the entire defect in the cartilage of the weight-bearing 
t oi'.dyle is shown in this photomicrograph. The lesion was present for four 
weeks. Note the acellular margin of the defect in the deepest portion, the 
converging columns of cartilage cells and the formation of new cartilage in 
the superficial one-half of the defect crater, x 76.5. 
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Plate 92 

V camera lucida drawing showing the margin of a defect of four weeks 
■ ; i.ion in the patellar groove. The defect is filled with fibrin undergoing 
: .nization. Note apparent proliferation of fibroblasts from the cells in 
I ce superficial layers of the original articular cartilage, x 170. 

’ . i I. camera lucida drawing of the inset in Fig. 10. x 420. 
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Plate 93 

. : : (,>no-half of the defect of twelve wcelcs duration in the cartilage of the 
groove is shown in this photomicrograph. Note e.xtension of clus- 
. 'if cartilage cells across the boundary between the original cartilage and 
’■•-■fcMly formed tissue filling the defect. Near the surface the repairing 
:.a^ue appears to be fibrous tissue; however, in the deeper layers, it re- 
'■•embles hyaline cartilage, x 6S.5. 

■ 13. Proliferation of cartilage cells into the defect crater is shown clearly in 
this photomicrograph of a section from a twenty weeks old defect in the 
cartilage of the femoral condyle, x 76.5. 



Auzeic/.n Journal of Pathology. Vol. VIII 


Plate 92 



Bennett, Bauer and ]Maddock 


II 


Repair of Articular Cartilage 


Plate 94 

; photomicrograph showing the repair in a defect of twenty-eight 
.. , ■ f’uiration which extended into subchondral bone. The defect is filled 
''ll' brons tissue, fibrocartilage and imperfect hyaline cartilage. A new 
' ■ ic of calcified cartilage has partially reformed. Note the acellularity of 
' matrix of original cartilage at the margin of the defect, x 76.5. 

!. 3 . gross photograph of natural size showing panus covering the surface 
of the patellar groove and the “joint mice” which formed within the joint. 
Note the widened and uneven articular surface. These changes which ac- 
companied dislocation of the patella occurred within a period of twelve 
weeks. 
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Plate 95 

Fig. 16. .\ rlioiomicrograph showing the structure of the largest “joint mouse” 
illustrated in Fig. 15. x 76.5. 

Fig. 17. A photomicrograph which illustrates how implanted fragments of ar- 
t^ular cartilage often were surrounded by the vascular connective tissue of 
t e sjmovial membrane. The fragment of cartilage is in large part viable 
after a period of twelve weeks within the joint, x 76.5, 
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Plate g6 

Camera lucida drawings of the reparative changes seen in a 
(leii:,. t, in tne patellar groove after a period of twenty-eight weeks. Note the 
ciu oi cartilage cells within lacunar spaces, the disappearance of some 
0 i the lacunar margins and the extension of the cartilage cells from the 
ong.iia] hyaline cartilage into recenth' formed tissue which partially filled 
t le oe ccL crater. Obviously multiplication of cartilage cells within lacunar 

.^aCCa occurred although no mitotic figures were found. Fig. lo, X42o: 
Figs. 1 8, 20, and 21, X 630. fa » 
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Fig. 2- j . ( photograph (natural size) showing a defect in cartilage and sub- 
chondral bone after a period of twelve weeks. No important intra-articular 
changes had occurred, 

Fig. 23. A natural size photograph of the right and left joints showing no im- 
portant difference between them except for a surgically made defect in the 
cartilage of the patellar groove of the right joint. The right knee joint was 
operated upon twelve weeks before, the left joint served as a control. 

I IG. 24. A gross photograph which illustrates the marked villous overgrowth of 
the synovial membrane which occurred in the joints where the patella was 
IS ocated. The surgical procedure in this joint was identical to that used in 
the joint illustrated in Fig. 22. x 2.5. 
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- \ lo'v power photomicrograph of a defect in cartilage and subchondral 
b '.r.'-’ after a period of four, weeks. Note the absence of proliferation of bone 
. ' ..rtilage. The crater of the defect is filled with fibrous tissue, X 76.5. 

:r . The repair of a defect in cartilage and subchondral bone after a period 
C'l twenty weeks is illustrated in this photomicrograph. The fibrous tissue 
which was found in earlier specimens (Fig. 25) now resembles fibrocartilagc 
and imperfectly formed hyaline cartilage. The matri.x of the recently 
formed tissue and the original cartilage is fused and new bone has largely 
filled the defect crater. 
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upon the whole dorsal midline a certain lability or even a vulner- 
ability, which paves the way for all sorts of defects and variations. 
The nominal risks incurred in these extensive changes must be fur- 
ther increased by the peculiar qualities and capacities of the cell 
layers primarily involved — the central nervous system and the epi- 
thelial covering of the body. Not only this, but it may very well be 
that in human development the dangers are even more enhanced, 
since the necessary developmental procedures must be carried out 
on tissues whose natural sensitivity has been further increased by 
specifically human capacities and susceptibilities. Although this 
apphes primarily to the central nervous system, it is not without its 
effects elsewhere in the midline. 


We are concerned at present, however, not with the gross and ex- 
tensive defects which are so often found on some part of the dorsum, 
but with the milder, much less serious cases, and with these again in 
their incipient stages, as they appear in the hrnnan embryo rela- 
tively early in its development. There can be no doubt that many, 
if not all of these cases, from the severest to the mildest, belong in 
the same category, as visible expressions of some derangement in 
the normal and orderly growth and differentiation of the various 


structures and tissues concerned. The severest cases are obviously 
those in which the neural tube is wide open and as a result many 
other structures are or would have been markedly deficient. It is 
not so easy to say, on the contrary, what would characterize the 
mildest cases; or at what point the normal might be said to grade 
into the abnormal. This difficulty is especiaUy apparent later in 
development and in the adult, where the multipHdty of the struc- 
ures mvolved, their complexity and natural variability, render dif- 
ncult If not quite impossible, any very accurate grading as to the 

of deviation from 

what might be considered essentially normal. 

cempH specimens under consideration at present are con- 

nX a anticipated rather less difficulty in recog- 
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STUDIES m THE PATHOLOGY OF DEVELOPMENT* 

U. SOME ASPECTS OF DEFECTIVE DEVELOPMENT 
IN TjBE DORSAL MIDLINE 

N. William Ingalls, M.D. 

(From the Anatomical Laboratory, Western Reseriie University, Cleveland, Ohio) 

Introduction 

Developmental disorders of various kinds are particularly fre- 
quent in the midline of the back. In speaking of the dorsal midhne 
we do not restrict the term to a narrow strip in the axis of the body, 
but have in mind rather a more extensive area, with variable or even 
indefinite lateral limits, symmetrically located in respect to the 
sagittal plane, and extending the entire length of the body, through 
the head and onto the face. As regards the depth of this region, i. e., 
its dorso-ventral extent, it is possible to be rather more precise. 
It may be considered as extending from the nervous system outward 
to the covering integument, including both of these as well as all of 
the varied structures which have their proper place somewhere in 
between. The deviations from the normal or usual conditions, 
which may be encountered in this region, range all the way from 
the most inconspicuous variations and anomalies to wholesale de- 
fects of great extent. Hardly noticeable and of no importance at one 
end of the series, they appear at the other end as gross and wide- 
spread malformations, whose presence makes independent existence 
quite out of the question. 

The peculiarities of the dorsal midline, its great inherent sensi- 
tivity and the special developmental risks which are attendant upon 
its proper formation, have been considered more in detail in a recent 
article,^ but a few of the more important points may be noted here 
again. As a result of the very radical structural alterations, both 
gross and histological, each with its genetic implications, and of the 
relatively massive and far-reaching rearrangements of tissues which 
occur during the formation of the vertebrate nervous system and 
the restoration of proper continuity over it, there has been impressed 

* Received for publication April 2, 1932. 
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in dorsally, a very definite developmental risk has been incurred, 
and that the parts concerned have had impressed upon them a 
greater degree of sensitivity and vulnerability than is to be, found 
elsewhere. In the great majority of cases development proceeds 
normally throughout the body, but disturbed or altered environ- 
mental conditions may be expected to compromise or upset, more 
or less seriously, this orderly development, exactly at those points 
where the cells and tissues are, for some reason, the most sensitive. 
There are, early in the life history, particularly in man, two espe- 
cially vulnerable regions of the body: one is the dorsal midline, the 
other is the distal portion of the extremities. In view of the normal 
and inherent susceptibility of these parts to imfavorable environ- 
mental influences, it is not necessary to predicate any special ger- 
minal, genetic defect to accoimt for most of these cases of maldevel- 


opment. It would seem very probable, however, that this same 
susceptibility might be a favorable or vulnerable point of attack for 
various influences which would later appear as germinal or heredi- 
tary defects. In any case, the ultimate factors involved are essen- 
tially germinal, whether they merely determine an imusual, even 
dangerous sensitivity, or whether they actually allow or lead to 
gross malformations. If the genetic composition of the future indi- 
^dual prescribes and carries through a certain normal course of 

development, then it also and just as certainly provides many of the 
pitfalls along the way. 


The mdividual specimens to be described below have been ar- 
ranged rougUy m order of the degree of disturbance in the dorsal 
midlme, with some regard also for the general condition and quahty 
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ment there is not a little variety in the degree and character of the- 
tissue changes in the midline. These vary considerably in location, 
extent and apparent severity, as well as in the histological pictures 
presented. For these reasons it is not often possible to distinguish 
between earlier or later stages of the same process, if such there be; 
nor can one always be sure that the real damage to the tissues is 
greater or more serious in one case than in another. It is altogether 
probable that the slightest degrees of disturbed development do not 
appear in this series at all. They would be expected in apparently 
normal embryos, but only further development would reveal the 
presence and extent of such latent defects. As long as growth and 
differentiation might continue there would be the opportunity for 
these weak or submerged influences to manifest their own peculiar 
character. In the present series, however, only those cases have been 
included which show definite and undoubted alterations in the em- 
bryo, readily discernible on gross examination. 

On account of the importance and significance of the central 
nervous system in the formation and inherent integrity of the dor- 
sum, and on accoimt of the simplicity of the dorsal structures in the 
earlier stages, it is convenient to classify the various malformations 
in this region in terms of the condition of the nervous system. In 
most of the cases to be considered here, and in aU of the more typical 
ones, the nervous system has been properly formed and closed in 
behind, while the defects which occur involve only the dorsal body 
wall, connective tissue and covering epithehum. Since these dis- 
turbances in development are much less marked and since they 
appear only after the neural tube has closed, they may be looked 
upon as relatively mild derangements. It is not implied, however, 
that the formation and closure of the neural tube guarantees in any 
way its own subsequent normal development, any more than that 
the same would hold for the overlying structures. In these typical, 
milder cases, the nervous system is to aU appearances normal and 
intact, but the overl3dng parts give unmistakable evidence of being 
the site of abnormal processes. What continued development would 
have brought about may be very problematical, but the visible evi- 
dences of the damage already done are confined to the parts dorsal 
to the nervous system, or even to the superficial epithelium. 

One cannot escape the conclusion that in the formation of the 
central nervous system and of the various structures which close it 
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specimen, the changes in its walls are more marked, than in any 
other part of the embryo. The form has been preserved but the 
substance is almost lacking. There has been an extensive cytolysis 
and the remaining tissue is more like an attenuated mesenchyme 
than nervous or epithelial tissue. The free, exposed surface is often 
irregular and indefinite, while the deeper surface seems to merge in 
many places into the loose underlying mesenchyme. 

The vesicle which contained this embryo was rather large, 29 by 
27 by 22 mm., the villi were well developed and numerous, but 
many of them showed early cystic changes. Within the sac there 
was a large amount of dense, stringy magma which quite obscured 
the embryo. The amnion was of normal size but much thickened, 
and presented a large rent through which the embryo had escaped. 
Except for a few fine tortuous vessels faintly visible on the yolk-sac, 
there were no vascular channels to be seen anywhere. 

Embryo No. 46: (Fig. 2). There was a cessation of menstruation 
in this case two and a half months before the abortion, but the 
embryo is much younger than this, for its maximum length is only 
14.5 mm. It is markedly stunted and malformed, of a brownish, 
muddy color, more opaque than normal and has obviously been 
dead for some time. The body is short and straight, rather cylindri- 
cal and gives the impression of being unduly distended. The head 
is extremely defective, most of the brain seems to be absent, so that 
the face sets on the anterior part of the trunk with the upper margin 
of the mouth as the most prominent point. The limbs are fairly 
well developed although the posterior ones are somewhat retarded. 
The cord is short and much constricted at its embryonic and chori- 
onic attachments. Between these points it is very greatly dilated, 
u-ith no evidence of vessels within. 

Occupying most of the dorsum of the body and extending forward 
to ^^'ith^n I mm. of the eyes is a large pyriform area over which the 
superficial ectoderm is either lacking or markedly altered. This 
area is quite symmetrical and measures 9 mm. in length by 6 mm. 
in uidth. It is widest in front where it is also raised a little above 
the general body surface, its limits are quite sharp and even, and it 
is distinguished from the rest of the embryo by a slight yellowish 
tinge. In its anterior part this surface is duU and uneven, marked 
by snaall, shallow, irregular furrows and depressions or even small 
cavities. The picture presented is that of a disintegrating surface 
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Description of Specimens 

The first few specimens which will be considered have been in- 
cluded here simply as illustrations of typical, major midline defects 
in the embryo. They stand' at one end of the series, which at the 
other fades out into normal or quasinormal conditions. The series 
presented here might have been extended, a greater variety of cases 
might have been introduced and the descriptions and histories could 
have been more detailed, but we have endeavored to cover the more 
important points in a reasonable amount of space. 

Embryo No. 83: (Fig. i). No history was available. The embryo 
is rather pale and chalky in appearance and there is a deep tear 
ventrally between head and trunk, which exposes the heart. Before 
being damaged the greatest length would have been approximately 
7 mm. The head is rather small and there is little relief or detail to 
be made out. The cord is small and shows no trace of vessels. 

Beginning about the first sacral segment and extending almost to 
the end of tail, there is a wide-open defect in the neural tube. This 
defect is perfectly regular in outline, measures 2.5 mm. in length 
and occupies the prominent convexity of the sacral curve extending 
over eight to ten segments. It is widest near its anterior limit, a 
little less than i mm., while at the opposite end it is a trifle more 
than 0.5 mm. in width. There is a distinct, sharp linear groove in 
the center, which does not quite reach the anterior limit of the de- 
fect, due to the rolling in here to form the neural tube. At the caudal 
end the median groove appears to run out onto the dorsum of the 
tail, and there is no evidence of any attempt at closure or even of 
the presence of nervous system beyond this point. The widely 
everted walls of the neural tube, on either side of the midline, are 
smooth and convex, no details being visible. Their lateral margins 
are sharp and even and overhang slightly the adjacent body wall. 

Sections of the embryo show that extensive disintegrative changes 
are well underway. These are most noticeable in the head where the 
brain has suffered most. In some parts of the nervous system, more 
especially in the cord, the ventral portions seem rather better pre- 
served and less affected than the dorsal parts, but this might be an 
indication of better nutritive or circulatory conditions in the former. 
In spite of the fact that the open neural tube in the sacral region 
was sharply defined and seemed very well preserved in the gross 
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Embryo No. I2g: (Fig. 3), The embryo is represented by a fairly 
regular, cylindrical mass with rounded ends, 12 mm. in length by 
6 mm. in diameter. It is the most stunted and deformed of any of 
the embryos in this series and shows in addition some of the most 
interesting surface changes. The color in general is a grayish brown 
with some darker blotches, while the cord, which comes off the 
ventral surface at the posterior end of the body, is much lighter. 
The face, and what remains of the head, make up the anterior hemi- 
spherical end of the embryo, the only relief here being found by the 
wide-open, quadrangular mouth which is completely filled by the 
tongue. The eyes on both sides show a well defined ring of retinal 
pigment, with the choroidal fissure pointing toward the mouth. 

On the dorsum of the embryo, but much nearer the anterior end, 
there is a roughly circular, well defined area, which measures about 
4-5 mm. in diameter. In spite of the brownish cast and general dis- 
coloration of the embryo, this patch, on what should be the vertex 
or back part of the head, stands out very conspicuously. It is quite 
symmetrical but a trifle more extensive on the left side along its 
posterior border. Within this area a little differentiation can be 
made out, in that the central portion is smoother and rather yellow- 
ish in color, while outside of this is a darker, uneven, ragged zone 
covered over with numerous smaU appendages or tags of tissue. 
There is nothmg to indicate an open neural tube in this region, the 

appearance being rather indicative of profound alterations in the 
superficial tissues. 


The sections show that the embiyo is much older and more ad- 
vanced than Its gross characters might indicate. The brain and 
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tissue, the end results of which are seen in the posterior part of 
the area. In this later location there is a deep, rather clean defect 
which was originally filled with prominent, but very irregular masses 
of degenerating nervous tissue. This tissue was so friable and 
loosely attached that it was lost in the removal of the embryo from 
the sac. 

Except for the nervous system the body tissues and organs are in 
better condition than was anticipated. The anterior end of the 
nervous system shows the characteristic complicated foldings and 
widespread histolysis and both the pigment and nervous layers of 
the retina show similar changes. Farther back, as shown in the 
gross specimen, practically aU of the brain and cord has been lost. 
A study of the sections reveals the fact that the superficial ectoderm 
is still present over much of the anterior part of the dorsal area 
which appeared defective upon gross examination. The superficial 
layers are, as a rule, somewhat thickened, but there are various 
places where they are quite thin or even entirely wanting. Structur- 
ally there is little to be made out definitely, but this region stands in 
marked contrast with the smooth, even development of the surface 
epithelium in other parts of the body. It is obvious that the proper 
development of the ectoderm of the dorsum of the embryo has been 
radically altered. The original disturbance, whatever it may have 
been, has not prevented the closure of the neural tube, at least in 
its anterior part. It has, nevertheless, left its impress on the super- 
ficial layers which make up the skin in this region, as shown by its 
abnormal appearance, both in the gross and microscopic. This com- 
promising of the proper development of the superficial structures 
in the midline of the back, with little or no involvement of the cen- 
tral nervous system, will be brought out more in detail in the later 
cases. It is the expression of a greater sensitivity or vulnerability in 
this region, due primarily to the massive and radical developmental 
processes which form the central nervous system and the body wall 
behind it. 

The chorionic vesicle is very large, 60 by 40 mm., thin-waUed, and 
shows extensive hemorrhagic areas; most of its surface is covered 
by thin, adherent decidua and it is filled with a turbid, blood-tinged 
fluid. The amnion is everywhere in contact with the chorion, but 
no vessels are to Be seen, even in the immediate neighborhood of the 
embryo. Villi are few in number, small and fibrous. 
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Embryo No. 663: This specimen is from a first pregnancy at the 
age of 17 years. There is a history of pernicious vomiting. The 
menstrual history is somewhat uncertain, but the last period was 
at least two months before abortion. On account of the damage to 
the posterior end of the body, the original length cannot be deter- 
mined, but it was probably not far from 15 mm. The head is small 
and the details of the face much obscured. Over the anterior end 
of the head and the upper part of the surface ectoderm is lacking. 
This defective area is rather extensive and quite symmetrical; 
it is bounded by a line which runs from about the angle of the 
mouth upward and backward across the eyes, reaching the midline 
behind, not far from or just beyond the midbrain. The surface of 
this area is rather more brownish in color and along its margins the 
adjacent body epithelium appears loose and slightly elevated. In 
the midline behind the large superficial defect, in what seems 
to be the region of the lower rhombencephalon, there is a small, 
elongated, deep-seated, apparently hemorrhagic spot about 0.5 mm. 
in length. 


Although the ventral thoracic and abdominal walls are torn 
away , exposing the heart, there are some evidences that the anterior 
body waU might have been defective over the upper part of the 
heart, an incipient ectopia cordis: there is also a bro^vnish discolora- 
tion here simUar to that noted in the head region. 

_ Histological examination reveals a beginning dissociation of the 
tissues, most noticeable in the nervous system, but the staining re- 
actions are stUl fairiy weU preserved. The large defect is seen to be 
quite devoid of epithelial covering, but along its mar^ns the body 
ec 0 erm stops very abruptly and is often heaped up into large 
prominent cell masses. The ceUs which make up these conspicuous 

irregularly polyhedral in shape, often 
everallaycrs deep and seen to be derivatives of, or correspond with, 
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here an extensive but very irregular thickening of the surface layers, 
and also what may be called provisionally a widespread hyperkera- 
tosis, with a varying amount of desquamation and the formation of 
structures which may be characterized as epithelial pearls. The 
connective tissue beneath is often thick and dense and there are 
large spaces or clefts, but their relation to epithelium or connective 
tissue is not always clear. In a few scattered areas there are very 
definite pigment cells, usually occurring in small clumps. One of 
the most remarkable features in this specimen is the contrast pre- 
sented in different tissues in regard to their preservation and in the 
evidences of continued cell life and activity. Although practically 
all of the embryo shows advanced histolysis and general disinte- 
gration, with the exception of the cartilaginous elements, there are 
certain regions on the dorsum where the subepithelial structures 
appear to be made up of perfectly normal healthy cells. It is here 
that one encounters a rather dense connective tissue, with groups 
of cells of doubtful significance which often contain conspicuous 
masses of pigment. The staining quality of the tissues in these re- 
gions is quite satisfactory, while everywhere else it is very poor if 
not entirely wanting. Although the embryo as a whole and almost 
all of its constituent cells have long since been dead, the cells in the 
areas just noted seem to have been living practically up to the time 
of fixation. They form an oasis, as it were, in the desert of death 
and dissolution around them. They are also peculiar in that they 
seem to represent a stage in development much in advance of the 
possible chronological age of the embryo. In this precocity, if the 
term is permissible, there may be some pathological tendencies, and 
the same would apply to the hyperkeratosis, so-called, in the over- 
lying ectoderm. The general picture is that of a histological differ- 
entiation far in advance of what it should be, a remarkable form of 
prosoplasia. 

The chorionic vesicle is very large, quite out of proportion to the 
embryo, measuring about 6o by loo mm. It is invested everywhere 
by a thick layer of clotted blood. Its internal surface is rough, un- 
even and dark in color, due to the extensive clots without. The 
amnion and chorion are fused. The villi are not very numerous, 
they are thick and fibrous and there is considerable leucocytic in- 
filtration in the surrounding blood. No vascular connections be- 
tween embryo and chorion are visible. 
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feet on microscopic examination, although in the gross specimen 
these were often quite definite and conspicuous. In some of these 
embryos the surface layers stain very intensely with hematoxylin, 
while the deeper structures may be quite unaffected. In this par- 
ticular case the staining is especially intense in the general region 
of the defect and although structural details cannot be made out, 
there appears to be no very striking difference between the epi- 
dermis here and elsewhere on the body. That the surface epithelium 
of the back, particularly lower down, has been affected more, or in 
some other way , than the same layer of cells elsewhere, is indicated by 
the presence here of subepithehal groups of ceUs, of epithelial pearls 
and possibly also by the somewhat different staining reactions. In 
certain localities also there seem to be considerable amounts of pig- 
ment in the epithelium, but it is so masked by the stain that its 
pr^ence is at least doubtful. Over most of the sacral defect the 
surface epithelium is quite intact, but near the end of the cord there 
are several places where it is lacking. 

Embryo No. i 6 i. (Fig. 4). No history accompanied this specimen. 
Ihe embryo is in very poor condition, the head being almost com- 
p e e y ^ached from the body, the greatest length not far from 

I" particularly its anterior end, and 

m the face only the eyes can be distinguished. On the dorsum of 

the rhomben- 

^ transversely elongated, somewhat elevated, 
3.5 mm. from side to side and 2.5 mm. 
r '■= on the sur- 

The ouHit'; like that of the rest of the embryo, 

symmetrical ° ^ definite and it is also fairly 

”1 ike embryo show prac- 

althouch the ni 1 ' 4.'ii • ^ ^^tensive dissociation everywhere 

k ™^hh aT “ f. '"'=“■ The Buperfidal eZerm 

Th^ 1^00? ‘1““’= inconspicuous. 

buUt iftMnLT r 33 by e6mm., 

string,, villi These “'*'y ^ ^'7 lew long, 

direct the ™I1 and are aU 

location oahe 

and its cawty containc: o i loosely fused with the chorion 

'•■t, contams a large amount of light flocculent precipitate. 
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but the coloring material is very finely and evenly distributed 
throughout the whole ceU and there are no indications of the usual 
pigment granules. These cells may account, in part at least, for the 
darker color of this part of the embr3^o. 

Embryo No. 536: Only the embryo was obtained in this case, 
which represents the sixth pregnancy in a woman 30 years of age. 
The first pregnancy went to eight months, and this was followed by 
four miscarriages, from the fifth to the seventh months. The mis- 
carriage in this last pregnancy occurred six or six and a half months 
after the last period. During the latter half of this pregnancy the 
patient was in poor condition, bad tonsils and infected teeth are 
noted in the history, also the possibility of lues. The placenta was 
said to be 50 mm. in diameter and to be markedly necrotic. 

The greatest length of the embryo is 17.5 mm., its color is poor 
and there is some shrinkage, the superficial layers show numerous 
fine wrinkles and seem to be desquamating in many places. The 
head is rather small. In the sacral and lower lumbar region behind, 
there is a large, fairly regular area, somewhat more brownish in 
color, over which the superficial ectoderm seems to be missing. This 
area is very slightly depressed and its posterior margins are rather 
sharper and more symmetrical than the anterior. It measures about 
4 mm. in length by 3 mm. in width. 

Sections through the embryo show the usual dissociation and lack 
of staining qualities. The brain is much more involved than the 
cord — even its major subdivision can hardly be recognized. The 
epidermis varies considerably in thickness and structure in different 
regions, but it is often made up of several much flattened stratified 
layers which show a marked tendency to separate from each other 
and also from the connective tissue below. There is widespread 
desquamation of the more superficial cells, while much of the epi- 
dermis gives the impression of being made up of stiff, hard cells, a 
condition in some ways not unlike those observed in Embryo 
No. 1 29, where there seemed to be a hyperkeratosis. In a few places, 
on the dorsum anterior to the defect, there are small “epithelial 
pearls” embedded in the epidermis. In addition, there are small 
scattered groups of cells which lie close to, or in contact with the 
deep surface of the epidermis, and in a few instances they seem to 
have been derived from the adjacent ectoderm. As noted in other 
cases, it is hot always possible to identify the exact limits of the de- 
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two previous pregnancies, the first going the term four years before, 
while the second terminated in abortion at about two months, 
possibly due to a fall. The present, or third, pregnancy also resulted 
in abortion, some eleven months after the preceding one. The last 
menstrual period began fourteen weeks before the abortion, but 
there is a history of menstrual irregularity for the two months pre- 
ceding the last period, and of occasional morning sickness for two 
months before the abortion. 


Judging from its condition the smaller fetus has been dead for 
some time, its larger companion is in very good condition but it is 
slightly distorted and has suffered a httle from dr5dng. The larger 
one is four times as long as the smaller, the sitting heights being 
130 and 32.5 mm. respectively. The placenta and membranes of the 
larger one were not received. The smaller of the twins (No. 597 B), 
is light yellowish brown in color and the most superficial layers of 
cells are desquamating in shreds and sheets of considerable size. On 
both hands, the fingers, which are short and apparently fused to- 
gether, are encased in what appears to be a much thickened epi- 
dermis. The feet seem to be normal, but the legs show a marked 
ventral convexity and the thighs appear rather short. In the mid- 
line over, or just behind, the vertex of the head there is a very con- 
spicuous, symmetrical bleb which has an anteroposterior extent of 
7 mm. It is translucent and the regular outline of the head can be 
made^ out beneath it. The deeper structures are not involved. The 
cord is very much kinked and twisted, it varies considerably in size 
in different places, and obviously there has been no circulation 
t rough it for some time. Arising from the cord, close to its attach- 

f ^ thin-waUed, almost peduncu- 

lated blebs or vesicles. 


The placenta is quite out of proportion to the fetus, measuring 
y 70 mm. Its fetal surface is irregular and nodular in appear- 
ance, due to the extensive subchorial hemorrhages. The amniotic 
fluid vas turbid and discolored. 

in a ^ ^ rather typical stunted embryo 

the menstrual age of nearly ten weeks. It was 

davs ^ woman 38 years old. For two 

tal m\n TK 1" ^l^^ding and abdom- 

pTle'rL? nir very 

quite uniform color throughout. The head is very 
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The distal half of the cord is much smaller than the proximal part; 
no vessels can be seen anyw^here. 

Embryo No. 210: (Fig. 5). In this case there had been eleven 
previous pregnancies, nine births at term and two miscarriages at 
the end of the first month. The mother was 40 years old and there 
was a menstrual history of fifty-one days. No cause was given for 
the abortion. The embryo, whose greatest length is 15 mm., is con- 
siderably deformed, the head is small and the face appears to be 
fused with the ventral surface of the trunk. The posterior end of 
the body is small and tapering, the extremities are somewhat re- 
tarded. The cord is short and straight, much distended and shows 
a small, pedunculated appendage near the embryo. In the dorsal 
midline, over the rhombencephalon there is a large thin-walled bleb, 
3 mm. in diameter and elevated about i mm. above the surrounding 
surface of the body. The limiting walls of the bleb are rather steep 
and slightly undercut where they join the superficial ectoderm. No 
gross defects are to be seen around or beneath the superficial bleb 
and the surface layers of the body are elsewhere unaltered. 

Although the embryo is in poor condition histologically, the dis- 
sociation of tissues is more marked in the region of the head and face 
than it is farther back, the brain having suffered most severely. 
Throughout the cord the dorsal half is beginning to break up, but 
the ventral portion is in much better condition. No definite changes 
of any kind can be seen in sections through the dorsal bleb. Both 
the superficial ectoderm and the underlying structures appear un- 
changed, except for their separation and the irregular foldings in the 
surface layer. The developmental damage in this instance is rela- 
tively slight, manifesting itself simply as an accumulation of fluid 
underneath the ectoderm. There can be no doubt that even milder 
disturbances may occur here, as well as elsewhere, but they are 
latent, in a sense, and become conspicuous or recognizable only 
later in development. 

The vesicle belonging to this embryo is substantially normal as 
regards its size, but its walls are thin, the villi very poorly developed 
and there is considerable hemorrhage under the decidual layer, by 
which it is completely surrounded. No vessels can be seen either in 
the sac or in the embryo. 

Embryo No. ygy B: (Fig, 6), This specimen, from a woman 37 
years of age, is the smaller of two fraternal twins. There had been 
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forehead. Below and internal to the right eye, there is a large pit- 
hke defect. 


In the midline behind, in the lower dorsal and lumbar regions, 
there is a slightly elongated area, about 7 mm. in length, over which 
the superficial layers seem to be wanting. This area is, in general, 
quite symmetrical, but a trifle more extensive on the right side. The 
right border is especially conspicuous, appearing as an irregular, 
ragged, elevated line of thickened or partially detached epithelium. 
In the anterior part of this area there is a smaller, darker patch, 
quite sharply marked off and situated almost exactly in the median 
line. On the anterior surface of the head, a short distance above the 
eyes, there is a large and very conspicuous, brownish discolored 
band, extending almost the entire width of the head. This frontal 
patch is much more striking in appearance than the one on the 
dorsum; it is also a little darker in color and more abruptly set off 
from its surroundings. 


^ The cord is small, short and straight, its distal two-thirds is occu- 
pied by a large thin-walled, spindle-shaped enlargement, but at its 
attachment to both embryo and chorion it is very much constricted. 
No deMte blood-containing vessels can be seen within it. 

Sections through the posterior part of the embryo show that over 
most of the dorsal area noted above, the surface epithelium is intact. 
It stains very densely so that its structure cannot be determined, 
but It seems to be rather thicker than elsewhere. Along the margins 
of the area, however, there are numerous conspicuous thickenings 
m t e ectoderm, as can be seen in Fig, 8. These thickenings are as 
a m e small and scattered, and they vary much in form and size 
rom iow mounds of cells, to slender, almost pedunculated 

ou growt s. The cells appear as if heaped up on the surface, without 
any involvement of the deeper layers. In general the subepithelial 
tissue seems rather denser and more fibrous on the back of the em- 

frn i 1 ^ present the marked alterations to be seen in the 

thetlzr. patch on the back the epi- 
thelium ic; tvT ^ and along its borders the limiting epi- 

hi t but the large, exuberant 

seen here Present farther back and more laterally are not 

further cs-idenr surface cells lacking here, but there is 

bers of laree development in the presence of num- 

of large, rather wide clefts in the exposed connective tissue. 
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small, there are no indications of eyes, and only the first branchial 
arch can be made out. The limb-buds are small but fairly well de- 
veloped, segmentation is only faintly indicated. Immediately above 
the anterior extremities there is a large bleb-like swelling on either 
side. In the dorsal midline, in the lower thoracic region, there is 
also a conspicuous elevation of the superficial layers over a small 
circumscribed area. Farther back, opposite the posterior extrem- 
ities, there is a longer, but much less conspicuous swelling, not notice- 
able in the illustration. 

The tissues of the embryo are in very poor condition, the nervous 
system, and more particularly its anterior part, being most severely 
affected. In the region of the superficial changes noted above, the 
constituent tissues are apparently unaltered, save for the separation 
of the epithelium from the underlying connective tissue, and the 
tearing and displacement of the former. AU of the structures stain 
very poorly. 

The sac is somewhat distorted and thin-waUed. It measures 
52 by 35 by 20 mm. It is very pale, practically free from blood and 
almost completely covered by thin, smooth decidua. Where ex- 
posed, the villi are rather slender and scattered but not especially ab- 
normal. The amnion is large and somewhat thickened, and through 
a rent in it the embryo had escaped into the exocoelom. Blood 
vessels are not to be seen either in the embryo or in the membranes. 

Emhryo No. 442: (Fig. 8). The specimen to be described here is 
a tubal pregnancy from a colored woman 26 years old. Four years 
ago there had been an abortion at three months, the cause being 
undetermined. For several years there had been a bilateral sal- 
pingitis, also dysuria and frequency of urination for the past three 
months. The last menstrual period was ten weeks before operation, 
but throughout most of this time there had been spotting and pain 
in the left lower quadrant. At operation there was a chronic sal- 
pingitis on the right side, the uterus was small and forward and 
there were simple cysts in both ovaries. No mention is made of a 
corpus luteum. 

Within the tube is a turbid amber fluid, apparently blood-stained. 
The embryo, which has a greatest length of 26 mm., appears fairly 
normal, although its color is not good. The eyes are large and con- 
spicuous but the lids appear retarded in their development, due 
possibly to mechanical interference from the skin defect over the 
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Although the tissues of the embryo are beginning to dissociate 
they still stain fairly well. The epithelium over the dorsum of the 
head is everywhere intact and shows no definite alterations in the 
arrangement or in the general morphology of its constituent ele- 
ments. The discolored area seen in the gross specimen is, however, 
quite recognizable. It appears under low power, stained with eosin, 
as a fairly well circumscribed, pale yellowish pink region in the 
superficial ectoderm. There is not the even yellowish tinge seen in 
some of the connective tissue cells, in Embryo No. 665, or the very 
evident pigment granules which were present in Embryo No. 129. 
It looks more as if the region in question had been dusted over with 
a fine powdery substance, which, although it seems to have no 
definite relation to the epithelial cells, is confined to them and is not 
to be seen in the underlying tissues. This material is quite evenly 
distributed and its limits are rather definite. Scattered through 
these pinkish areas there are a few small, rather densely staining 
nuclei, much like those in the deeper tissues, but more numerous 
here than in the epithehiun elsewhere. This peculiar material does 
not suggest pigment at all; it gives rather the impression of some- 
thing which had been applied to the cells or even to the sections. 
The neighboring mesenchyme does not appear to be in any way 
involved. 


The vesicle is essentially normal, the villi are numerous and well 
developed; the amnion may be sMghtly thickened and in the exo- 
coelom there is abundant, coarse, stringy magma. 

Embryo No. i6y: (Fig. 10). Except for a menstrual history of 
“about ten weeks,” and that the abortion was “not induced,” there 
were no data available on this specimen. The embryo is damaged 
somewhat, especially about the mouth and upper part of the trunk, 
and its color is decidedly poor. Its greatest length is 18.5 mm. The 
head, particularly its anterior end, is small, the mouth is wide open 
and there are deep tears on either side. Between the eyes are a 
number of small holes, or pit-like defects. The retinal pigment is 
paler than usual, and appears red rather than black. Both the an- 

lenor and posterior extremities, but particularly the former, are 
much retarded. 

In the dorsal midline, about the region of the lower rhomben- 
cep a on, t ere is a small, transversely elongated, somewhat 
smoother, discolored area, slightly greenish in color. It is roughly 
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In addition to the spaces in the connective tissue of the dorsum 
there has been an extensive accumulation of fluid behind and on 
either side of the posterior end of the spinal cord, so that the latter 
appears to lie on the ventral wall of the large open cavity. At the 
very extremity of the cord there is a small irregular diverticulum 
which comes off from the ventral part of the central canal. 

No essential difference can be seen in the epithelium over the 
frontal discoloration, as compared with that of the dorsal area, but 
in both cases the details are obscured by the intense staining. The 
former, however, shows only a very slight thickening of the ecto- 
derm in a few places near the margins of the area. In the underlying 
tissues, bn the contrary, there is a very striking difference. Running 
through the more superficial part of the sub-epithelial connective 
tissue there is what appears to be a rather denser stratum of the 
same tissue, but one which is stained almost as deeply as the ecto- 
derm outside. This stratum is sharply delimited, near the center of 
the area it lies very close, if not in contact with the epithelium, but 
elsewhere there is interposed a thin layer of paler, normal connective 
tissue. Apparently this stratum was responsible for the very ob- 
vious and well circumscribed discoloration seen on the forehead in 
the gross specimen. 

Embryo No. 652: (Fig. 9). No menstrual history was obtained 
for this specimen, which came from a fibroid uterus. Even when 
fresh the condition of the embryo was not good, the color being 
a turbid brown, the greatest length a little over 15 mm. There 
seems to be some desquamation of the surface epithelium, but this 
may be in part adherent precipitate. The head, especially its an- 
terior part, is small, the mouth is widely open and its lateral angles 
may be torn somewhat. Trunk and extremities are fairly normal, 
although the latter appear slightly retarded. 

On the dorsum of the head, over the anterior part of the rhom- 
bencephalon, there is a rather definite pale orange discoloration. It 
is symmetrically disposed as a transverse band which is best de- 
veloped on the right side and somewhat indistinct in the midline. 
As far as can be seen the surface epithelium is intact and not ma- 
terially altered. 

The cord, which is small and straight, shows a small but prom- 
inent bleb close to the embryo. There is little evidence of vessels 
within the cord. 
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the epithelium is intact, but there are a few small thickenings around 
the margins of the area, especially the dorsal area. Over the frontal 
areas the epithelium appears quite imchanged, but at one or two 
points there are slight defects, apparently postmortem tears. 

The vesicle of No, 167 is of normal size, but it is very thin and 
villi are practically absent, except for one large clump where they 
are numerous and thickly set. The villi present are long and some- 
what swollen, but there are no globular forms. No vessels can be 
seen anywhere. 

Embryo No. 404: Although this is a tubal pregnancy, the embryo 
is in much better condition than most of the specimens in this series. 
Its greatest length is 21,5 mm , and, except as noted below, it ap- 
pears perfectly normal. This was the third pregnancy in a woman 
of 27 years. There was nothing out of the ordinary in the first two. 
The last period was sixty-two days before operation and there had 
been acute pains in the right lower quadrant for a month. The 
embryo and amnion were all that were obtained. 

The only point to be noted concerns the very posterior end of the 
body. Here, in the midline of the back, over the lower lumbar and 
sacral regions, there is an area about 6 mm. long and 2 mm. wide 
reaching almost to the end of the tail, over which the surface epi- 
thelium is apparently missing. The margins of this defect are quite 
smooth and regular, both its anterior and posterior limits are S3rm- 
metrically rounded, and there stiU seems to be some tissue covering 
the cord. It does not seem possible that this loss of tissue could be 
due to simple mechanical violence. In the sections there is Kttle to 
be seen except the absence of the surface cells in the region of the 
defect. There is some suggestion of a thickening in the epithelium 
along the margins, but nothing very definite. The exposed con- 
nective tissue is unaltered. 


Embryo i\ 0. 671. (Fig. ii). There are no data on this specimen, 

probably self-induced. The embryo, 
condifio^^ ^ greatest length of 25 mm., is well developed and in fair 
andt “T of fluid under the epidermis 

oUhore?". , hemorrhages. Over the posterior aspect 

in whicr^r ''O'y oxtensive area 

This retion IsTm u “P ” “ enormous bleb. 

owLcfof ttr ^ T “■■"™=™bed and quite symmetrical. The 
n er ying structures, which appear normal, can be 
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renifonn in outline, sharply marked ojff from the surrounding parts, 
slightly elevated and measures about 3 by i mm. It does not ap- 
pear to be a simple stain or discoloration and there is no evidence of 
any injury or defect. Farther forward, over the posterior part of 
the forebrain, not shown in the illustration, there is a smaller, more 
yellowish spot, irregular in outline and measuring about 2 mm. in 
diameter. 

A little in advance of this second patch there are stiU two others 
of much the same character. These last mentioned, most anterior 
spots, lie close together, almost in the midline, high up on the 
forehead. They are rather darker in color, and even more con- 
spicuous than the large area behind. 

There is a most striking similarity to be found in the dorsal area 
of this embryo and the condition noted in Embryo No. 652. In 
both cases there is a very definite, transversely elongated, more or 
less discolored area, symmetrically disposed, exactly in the midline 
and lying over the rhombencephalon. In Embryo No. 167 the area is 
widest in the median line, while in No. 652 it is narrower there, and 
rather bilobed in appearance; in the former the area is a little farther 
back and it is also somewhat more conspicuous. Not only this, but 
the histological picture seems, with minor exceptions, to be essen- 
tially the same in both cases, the chief, and perhaps only, difference 
being that in No. 167 the histological changes are more marked and 
also more extensive. There is, in this embryo, the same powdery, 
or finely granular material which was found in No. 652. It is per- 
haps a little coarser, it stains more intensely and has more of a 
purple or violet color. This difference in appearance may be due in 
part to the larger quantities of the material present and to the fact 
that all of the tissues are stained more deeply with hematoxylin 
than in the other embryo. Not only is this material much more 
abundant and more closely packed, but most of it is found in the 
connective tissue immediately below the epithelium, whereas in the 
earlier case it was confined to the epithelium. In the present embryo 
it is likewise present in the epithelial cells, but it is much more 
marked in the underlying tissue. In its distribution in this case it 
seems much more sharply circumscribed, due apparently to the 
larger and denser masses involved. The three areas over the fore- 
brain show the same features — if anything the involvement of the 
mesench3Tne is even more marked. Here, as in the previous case. 
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confluence of the spaces thus formed. This is what has evidently 
happened on the dorsum where there is a very extensive undermining 
of the surface layers. At the site of the defect, the outer wall of this 
fluid-fiUed cavity has given way, or been tom, and in addition some 
of it is actually missing. This anasarcous condition extends from 
the posterior part of the head downward along the sides of the neck 
and behind the shoulders into the lateral body walls. It encroaches 
only slightly upon the face in front of the ear. The dorsal midline 
is not involved, except in the region of the head. The connective 
tissue and covering epithelium show no changes except the stretch- 
ing and distortion in the former. It should be noted that the con- 
dition is most marked over the dorsum, that it is here only that 
tearing or loss of tissue has occurred, and also that in the other 
embryos which are affected in this way it is only the back that is 
involved. 

The vesicle measures 30 by 28 mm., not including the villi. It is 
somewhat shrunken and pale brownish yellow in color. About half 
of its surface is covered by long, close-set villi, while the remainder 
is almost bare. The villi are not normal. Many of them are en- 
larged and swollen, while many show fine threads like branchings. 
Bulbous and globular enlargements are common, as well as great 
numbers of fine, short, side branches. The vessels in the larger villi 

are more conspicuous than usual. The interior of the sac appears 
normal. 

Embryo No. 611: (Fig. 12). This specimen came from a hys- 
terotomy ten weeks after the last period in a woman 31 years old. 
It was the second pregnancy and was indicated on account of pelvic 
deformity which had caused considerable difficulty at the time of the 
rst a or.^ There had been slight nausea for three weeks preceding 
he operation. The left tube was found markedly adherent to the 

ateral pel^c walls and there were three cysts attached to its fim- 
bnated end. 


The embryo, which measures 23 mm. greatest length, is appar- 
y normal although its condition is not quite what it might be. 
^erc are only a few points which need to be noted. In the midline, 

which thr"? "" ll"”’ ^ thin-waUed bleb, except for 

the lateral thoracic wall behind. As seen inyentral view there is 
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made out quite readily through the thin walls of the bleb. On the 
left side there is a sharply circumscribed mass of blood covering 
most of the lateral wall of the bleb on the inside. It appears to have 
simply settled down into this position, due to the embryo lying on 
the left side. There is widespread hemorrhage in the superficial 
tissues on the right side of the face and lower part of the head and a 
few smaller hemorrhages on the left side. Two or three small, deep- 
seated hemorrhagic spots can be seen within the bleb, which may be 
the source of the blood clot on the left side. In the lower thoracic 
and upper lumbar regions there is a separation of the superficial 
layers over a considerable extent in the midline, but this is much 
less conspicuous than the conditions just noted and there is no ex- 
travasation of blood. Both upper extremities show considerable 
vascular engorgement and some actual hemorrhage, especially on 
the right side. 

The chorionic vesicle is rather large for the embryo, and is covered 
practically everywhere with long, thick-set vilK, It is not entirely 
normal, however, since many of the villi are swollen and irregular, 
and smaller cystic forms are quite plentiful; the vessels within are 
quite conspicuous. 

Embryo No. 513: Like Embryo No. 404 this is also a tubal preg- 
nancy, but it was the first pregnancy in a woman of 32 who had 
been married for ten years. 

Although this embryo is essentially normal it is not in quite so 
good condition as No. 404. Its greatest length is 18.5 mm. In the 
midline behind, just below the fourth ventricle, there is a small oval 
patch about 4 nun. from side to side and 3 mm. in its anteropos- 
terior dimension. It is not exactly in the midline, but slightly to the 
right, and obviously the surface layers have been tom away. 

From the sections one might conclude that the defect on the 
back of the head is simply a local accident in a process which is 
much more widespread. This more extensive condition appears 
as a marked edema in the subepithelial connective tissue. It is 
peculiar, in that it is quite symmetrical on the two sides of the body 
and over the dorsmn, and also because the great enlargement of the 
connective tissue spaces is confined to the more central layers of the 
mesenchyme, the more superficial as well as the deeper layers being 
unaffected. The later or final stages of the process are represented 
by the tearing apart of the much attenuated mesenchyme and the 
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nothing which could be positively identified as the fine line seen at 
an earlier date. This is the smallest and least noticeable alteration 
in the midline that we have encountered in any of our cases. 

The chorionic vesicle is of fair size, 45 by 26 by 20 mm. Its walls 
are thin and the villi, which are few in number, are scattered along 
one side and at one end. Many of the villi are slender and stringy, 
while others are definitely dilated and bulbous. The amnion is al- 
ready fused with the chorion. 


Discussion 


From the foregoing descriptions of seventeen specimens, it is 
evident that peculiar conditions obtain in the dorsal midline. Early 
development may be compromised or deranged in a variety of ways, 
but the effects are most often in evidence in that part of the body 
from which is formed the central nervous system. Milder derange- 
ments may show themselves only at a later date, or only in those 
structures which cover in the neural tube behind. The extreme 
susceptibility of the early nervous system to unfavorable influences, 
whether occurring in nature or under experimental conditions, has 
long been recognized, while its significance in human development 
has been abundantly illustrated by Mall, 2. ^ MaU and Meyer,^ as well 
as by many other writers. Much less attention, however, has been 
given to the comparatively slight defects which abound in this region. 
From our own experience these milder cases may be more common 
than the more severe ones, particularly during the first two months 
of development. The possible significance at the end of develop- 
ment of some of these less conspicuous deviations from the normal 
will be considered on another occasion, likewise the finer histological 
details exhibited by the tissues affected. 


The extensive works of MaU and Meyer, referred to above, con- 
tain nimierous examples of defective midline development. They 
also bnng out very clearly the great vulnerability of this region, as 
• Y percentage of cases in which it is mainly or alone 

.'o ve . 1 e our own series has been selected on the basis of 

if they occur in the midline, all 
or regardless of their character 

reason rr’ "^^terial. For this 

renrc-eni majority, of their cases of midline defects 

erer egrees of damage than are encountered in our 
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a fullness about the head, behind and below the ears, suggestive of 
edema. 

From the sections it can be seen that the embryo is not as normal 
as it appeared to be. In the region of the bleb shown in the illustra- 
tion, the epithelium is separated from the underlying tissue. Farther 
forward, however, there is another, even more extensive area in the 
midline where there is an accumulation of fluid, but in this case it is 
located deeper, within the connective tissue. In addition to these 
median spaces there are two wide clefts on either side of the midline 
over the forebrain. Along the lateral aspects of the brain, farther 
back, the connective tissue spaces are very much dilated and in 
many places there are wide-open spaces, the condition being much 
like that seen in Embryo No. 513, but not as severe. Except for 
these spaces the tissues appear normal, but most of the blood vessels 
are very much engorged with blood, even the smallest ones. 

The vesicle is rather small and is thickly covered with long, richly 
branched villi which are often matted together. Most of the viUi 
are swollen and irregularly dilated, but the changes are not as 
marked as in No. 513. 

Embryo No. 682: The present series of cases may be appropri- 
ately brought to a close with this specimen. The history is some- 
what uncertain, but this appears to have been the first pregnancy. 
The menstrual age is given as two and a half months and the abor- 
tion might have been induced. The color and condition of the em- 
bryo are not especially good. The greatest length of the embryo is 
somewhat uncertain but may be taken as not far from 15 mm. The 
anterior end of the head seems rather small, the mouth is more 
widely open than usual. Although blood vessels can be seen in the 
cord, they are hardly distinguishable at its attachment to the mem- 
branes. The cord itself is smaller than normal, and most of it is 
occupied by a large, irregular bleb. On the dorsal surface of the left 
foot-plate there is an extensive, diffuse, but rather mild hemorrhage. 

Exactly in the midline of the back, in the slight concavity behind 
the midbrain, just in front of the cerebellum, there is a faint brown- 
ish, linear discoloration, at right angles to the median plane and not 
over 1.5 nun. in length. It appears as a narrow, slightly irregular, 
pigmented line, but its exact nature cannot be made out. Attempts 
to photograph this dorsal patch were unsuccessful; not only this, 
but later examination of the specimen, in the gross, showed little or 
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they might play in those cases where development is not inter- 
rupted, It is, of course, not possible to say just what might have 
been the final result in any particular case. In a few instances one 
can recognize what may be earlier and later stages of the same con- 
dition, but in the individual case there is nothing to indicate whether 
the process is progressive or regressive or at a standstill. Where the 
whole embryo is markedly pathological, moribund or even dead, 
one might suppose that the process would be progressive and termi- 
nate only with the death of the cells or tissues involved. In the 
more normal embryos, however, it would not seem possible to make 
any prediction, since the greater vitality and growth capacity of the 
cells might bring about more or less perfect healing on the one hand, 
or a more pronounced reaction to the causative agent on the other. 

some cases the damage seems to be very slight and complete 
restitution might have been possible, while in others the later stages 

local cutaneous defects, or even more deep seated 
disturbances. Certain aspects of this question will be taken up in a 
subsequent paper. 


In the often sharply located disturbances seen in our specimens 
ere IS something akin to the “focal deficiencies” which Streeter® 

importance in the development of the ex- 

the tw^' ‘J*® predisposing factors may be different in 

fte two sets of cases ,t is quite possible that the more immediate, 

and Certainly the limbs, 

“sTt^rtf ‘tey are in a 

t“lit r f” ‘h* eLptional 

vumerabihty, however, are not as apparent, 

velomenr^tant and exciting factors in malde- 

non^al embcvl? fertilized ova or 

edly true and ‘“i ““''"“’‘‘‘■““a- This is undoubt- 

'vriUnrihe ““^‘ent upon it, but in his 

rather than upon the^d* ™ ^^aitmg or contributing causes 
much more spSad h^T Muences. Streeter is 

vatjnng capacity or potmSitrwV®®i 

whole, but in their vnr- i ^ ‘development, not only as a 

development Euk ,re md at different stages of 

viduals fromv^fl <=qual than are the indi- 

* ‘^'y obtmned, or the future forms into 
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present series. There are, however, in this Carnegie material, a 
considerable number of cases in which the tissue alterations seem 
to correspond more or less closely with conditions as we have found 
them. There is frequent reference to blebs and blisters, loss of 
superficial epithelium, thickening of the connective tissues, ab- 
normal pigmentation, or the presence of papillomatous outgrowths. 
Mall speaks repeatedly of ulcerations, particularly on some part of 
the head, but just how these “ulcers” differ from other defects, 
which may have a similar location, is not always clear. But neither 
Mall nor Meyer was especially concerned with any particular type 
of malformation; the primary object of their investigations was of 
a more general nature, while the amount and variety of the material 
to be considered made all but impracticable any detailed account 
of the findings in each individual case. We cannot be sure, therefore, 
to what extent the anomalous histological conditions which we have 
encountered in our material might be duplicated in their specimens. 
Neither is it always apparent that the defects which they describe 
are as conspicuous in the gross specimen, as sharply delimited and 
symmetrical, or as exactly located in the midline as many of those 
which we have found. Certainly a number of our cases are very 
similar, even in the gross. Mall ® (Fig. fib) shows an imusuaUy large 
and sharply defined bleb on the back of the neck of Embryo No. 1523, 
while Embryo No. 22fii (Fig. 72) in Plate 5, Mall and Meyer,'* is 
almost a replica of our Embryo No. fiyi. 

Although it is possible to say why the dorsal midline should show 
a special predisposition to defective development, it is not so easy 
to say why some of the minor defects should show a predilection for 
a particular part of the dorsum. It would appear, however, from 
our own cases as well as from the Carnegie material, that the back 
of the head, perhaps more exactly the region over the anterior 
rhombencephalon and midbrain, is more often the seat of defects, 
usually sh'ght, than any other part of the back of the head. It can 
hardly be argued that this part is more exposed to external influ- 
ences than any other. It is more likely that the real explanation 
is to be found in the inherent factors which govern the growth 
and diflferentiation of the human brain and of the tissues which 
surround it. 

We have been interested in these minor defects, partly on ac- 
count of their relative frequency, but mainly because of the role 
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sive subchorionic hemorrhages are very common. The obvious 
circulatory disturbances may be responsible for the presence of 
hydramnios, early fusion of amion and chorion, changes in the 
character of the magma and in the composition of the fluid within 
the vesicle. In addition to the typical midline defects, many of the 
embryos show other localized anomalies, while in the majority of 
them the general condition of the embryo has been considerably 
altered. The internal disorganization and general disruption, which 
is so often encountered, is in no sense a teratological condition, but 
rather a pathological one, although the underlying factors may be 
much the same. Many of the peculiar skin conditions described 
above are pathological rather than teratological, if one chooses to 
draw a line between them, for the inherent vulnerability of certain 
tissues is quite as much a problem for the pathologist as it is for the 
teratologist. The various anomalous conditions which are exhibited 
by the superficial tissues are of very great interest. Two points only 
need be mentioned here. In the first place, the relatively great ex- 
panse of surface exposed to the amniotic fluid would seem to provide 
some measure of sustenance even after the embryonic blood circu- 
lation had ceased entirely. This would apply only to the outermost 
cells of the body, which might, on this account, be able to prolong 
their life after the death of aU of the deeper structures. In other 
words, the skin or covering cells of the embryo might, under some 
circumstances, be the last to die off. The other point is that the 
anmiotic fluid might conceivably act as an irritant to the super- 
licial ceUs. There seems to be evidence that its character and com- 
posi ion iD3-y e altered and in some of our cases one gets the im- 
pression that the epitheUum has not been living and differentiating 
under normal external conditions. This hypothetical irritation may, 
thing ek^* ^ ^d, behaving more like a stimulant than any- 

Pk'inst-hri,.*''" k so often impaired ex- 
in the better me ^ reiatively infrequent. They occur only 

1 rein S f 

is less freouenf on in n \ ^ well be that hemorrhage 

U-rca g “a ” ‘1>'= hands or feet, on account of 

earner and greater vascularity of the latter. It Is also possible 
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which they might have grown. This perfectly natural and normal 
variability in eggs or embryos eiqiresses itself, in one form, as a 
var3nng susceptibility, or resistance to unfavorable influences, and 
also in the specific type of reaction which such influences may bring 
out. In the present series of cases we have been dealing with a 
natural vulnerability of a certain part of the body. It is altogether 
probable, however, that this vulnerability is not the same in all 
cases — it may vary in degree or in location, as well as in the dis- 
position of the tissues to react in one way or another. This varia- 
bility and vulnerability is essentially germinal in character, and for 
that reason the hereditary possibilities cannot be overlooked. 

As pointed out by Streeter, the quality of the egg, and its inherent 
germinal integrity, determine very largely whether it will succumb 
early in life, eke out a more or less precarious and misshapen exist- 
ence, or continue in health and vigor to old age. Even under the 
most favorable conditions maldevelopment may occur. The more 
environmental conditions deviate from the normal, the more severe 
will be the tax: upon those factors which should ensure proper de- 
velopment, and the easier it will be for normally latent influences 
to make themselves felt. 

Although the exact role of environmental disturbances in the 
etiology of maldevelopment is not always clear, such disturbances 
are especially frequent and conspicuous in young monsters and 
pathological embryos. Among others. Mall and Meyer have written 
extensively on the alterations in the embryonic membranes which 
are so frequent and characteristic, and which imdoubtedly play an 
important part in disrupting or even terminating normal develop- 
ment. As we have nothing out of the ordinary to contribute here, 
we shall confine ourselves to a brief survey of some of the more 
general features presented by our material. 

There are many ways in which this material is typical of malde- 
velopment in the human being. Most of the specimens are from 
the second month. In the cases where the menstrual age is known, 
it varies enormously, from five and a half weeks to six months, the 
average being eleven weeks. As a rule the membranes are not 
normal; the vesicles are often too large, the viUi very frequently 
show hydatid changes in var5dng degree, or they may be few and 
small and fibrous. In many cases there is no evidence of any real 
vascular connection between the embryo and chorion, while exten- 
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head, as exhibited in human embryos of the first two months. They 
are of interest particularly because these cases may very well repre- 
sent the earliest stages of some of the anomalous conditions which 
are encountered in this region at term or even at any time of life. 
In many of our cases the dorsal defects are very slight and could 
have contributed little or nothing toward the interruption of the 
pregnancy, which, but for other reasons, might have continued to 
term. What would have been the final outcome in these cases is, of 
course, very problematical. Apparently there is, in most instances, 
either early death of the embryo or fetus from other causes, or a 
complete healing and restitution of the parts affected. It is quite 
possible, however, that the damage may be so slight that it is en- 
tirely overlooked or its real significance may not be recognized. As 
noted previously, anomalous or defective conditions of the dorsal 
midline, varying greatly in degree and character, but not suffi- 
ciently severe to compromise further growth and development, are 
by no means uncommon during the early weeks of intra-uterine life. 
WTiile many, perhaps most of these cases, fail to go to term, and 
among those which do reach maturity there may be, in some in- 
stances, a more or less complete or adequate restitutio ad iniegratn, 
there remain a certain number in which the initial damage has been 
sufficiently severe, or of such a character as to render repair or suit- 
able compensation difficult if not unpossible. These are the cases 
which assume a definite clinical, often surgical importance. They 
are characterized not by any uniformity in the pathology, or in the 
structural features exhibited by the conditions in question, but 
rather by their predilection for the dorsal midline, perhaps more 
particularly the region of the head and neck. 
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that the relatively poor blood supply of the structures dorsal to the 
nervous system, especially early, may stand in some relation, or 
contribute something to the frequency of defects in this region. 

It may be objected that some of the conditions described in our 
embryos are essentially postmortem changes and that it is not 
possible to attach any particular significance to them. There may 
be some small justification for this criticism, since, in the very nature 
of the case, we are dealing, for the most part, with material which is 
neither wholly normal nor perfectly healthy. In many of our cases, 
indeed in the most interesting and suggestive ones, there can hardly 
be any question of postmortem alterations and the picture is any- 
thing but that of cell death and a cessation of activity. In some 
instances there is evidence of h3q)eractivity, rather than anything 
else, and indeed some dorsal patches described seem to have re- 
tained their vitality longer than any other parts of the embryo. 
Although we have excluded, as far as possible, all cases which 
seemed to show only maceration or other moribund changes, it is 
quite possible that these mfiuences may have contributed something 
to the general character of the picture in some instances. The va- 
riety of conditions observed, and the fact that they occur typically 
and almost exclusively in the dorsal midline, would indicate the 
importance of internal rather than external factors in their pro- 
duction, and least of all of postmortem influences. 

In the first number of this series on the pathology of development 
(Ingalls,^) we have considered in some detail the general underlying 
biological and genetic principles out of which flow, naturally and 
inevitably, certain developmental risks. These risks, or the oppor- 
tunities for various developmental derangements, are especially in 
evidence in the structures dorsal to, and including, the central 
nervous system. It would appear also that these parts of the body 
are especially sensitive and susceptible in mwn^ and this instability, 
in a sense this relative vulnerability, may express itself in an almost 
endless variety of ways. The factors at work here are internal, in- 
herent in the nature of the organism, essentially hereditary in char- 
acter, although altered or disturbed external, environmental con- 
ditions may be necessary for, or at least conducive to, abnormal 
results. 

In the present communication we have been concerned especially 
■with some of the milder t3q)es of maldevelopment of the back and 
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Plate 99 

Fig. I. Embtyo No. 83. Greatest length about 7 mm. Open neural tube in 
sacral region. Facial features distorted, heart exposed. 

Fig. 2. Embiyo No. 46. Greatest length 14.5 mm. The entire body is very 
much malformed. Almost the whole of the dorsum is markedly altered or 
defective. The deep triangular cavity is due to the postmortem loss of 

ricciiA * 


^9* Greatest length 12 mm., dorsal view. Irregular, 

if ^rea in the anterior part of the back. Entire 

body badly stunted and deformed. 

* ^ length about 12 mm. Symmetrically lo- 

cenhalon^^rf ^ elongated area over the anterior part of the rhomben- 
cephalon. Embryo m very poor condition. 
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Plate ioo 


; . Xo. 210. Greatest length 15 mm. Large thin-walled bleb 

i' aline over the rhombencephalon. Much deformity in the body 

. • ' . : ..jryo Xo. 597 B. The smaller of a pair of binoval twins, greatest 
’ \ . 1 ' .’,i'..smm. Very large, rather thick-walled bleb in the midline of 
i. . .. jast behind vertex. Extensive desquamation, malformed hands and 

ri.n’. 

la . ). Lnibr}^ No. 407. Greatest length 7 mm. SmaU bleb-like elevation of 
cjiUhelium in the midline of the back. Head small and malformed. 

I ic. .S. Embr>'o No. 442. Greatest length 26 mm. Dark patch in lower dorsal 
region; on the right and below can be seen the borders of the larger area. 
Laterally the epidermal thickenings are ver}^ conspicuous. There is also a 
ver}’^ definite transverse band across the forehead. 
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Plate ioi 

i , ■ ':’br; o No. 652. Greatest length 15 mm. Dorsal view of anterior 

- ■ . ' -• ribryo to show the transverse discolored band just behind the mid- 

^ ’ 

f . . i tnbryo No. 167. Greatest length 18.5 mm. Very conspicuous, 
I ':\hy defined, discolored area over the rhombencephalon. There is a 
jnilar smaller patch over the vertex and two paired spots on the upper 
fart of the forehead. 

1 lO. II. Embrv'o No. 671. Greatest length 25 mm. Enormous blood-stained 
bleb on back of head and neck. 1 n the lower thoracic region there is a much 
smaller one. Small ecchymoses on face and arm. 

l-'m. 12. Embr>m No. 61 1. Greatest length 23 mm. Minute, translucent bleb 
over the cerebellum. Ecchymoses on head, shoulder and trunk. 
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COVELL AND BANKS 


A review of the literature upon this subject indicated to us the 
opportunity of obtaining much more definite evidence by perform- 
ing a series of investigations using specialized, improved and more 
recent techniques such as methods to reveal the mitochondria, 
Nissl substance and neurofibrils; an improved Millon’s reagent 
which we owe to Prof. R, R, Bensley, the Feulgen reaction for thy- 
monucleic acid as specified by Cowdry and the technique of 
microincineration devised by Policard and improved by Scott.^® 
The Negri bodies were studied (a) in the living state under dark- 
field illumination, (b) by vital staining, (c) by fixed and stained 
preparations using selective staining methods and (d) by micro- 
incineration. The technique and results of each method will be 
recorded and the sigmficance of these results will then be discussed, 
(a) In the Living, Unstained State: 

^ Observations were made on the Negri bodies in the living con- 
dition by dissecting out, in physiological sahne solution, a small 
piece of brain tissue from the region of Ammon’s horn in a monkey 
experimentally infected with rabies. The material was then mounted 
m physiological saline on a clean slide and the coverglass ringed 
with vaseline. In this manner it was possible to locate large nerve 
cells containing inclusion bodies. 


By ordinary illumination the Negri bodies appear as definite, al- 
most homogeneous masses, in contrast to the very heterogeneous, 
granular cytoplasm of the cells containing them. The structure of 
ese odies is ill-defined, except for the presence of a few, rather 
dense, light yellow granules (chromatoid granules). 

■M illumination, using a cardioid condenser, reveals the 

° ^ clear non-refractile body containing granules corre- 

pon mg m location to the chromatoid granules. No evidence of a 
flip NT about each granule or of a membrane separating 

cytoplasm is visible. Neither are the gran- 
ules seen to change their location or exhibit movement. 

clusionT theory that the in- 

h m Slat r P^^ducts of the cell constituents, rather 

W organismal in nature. , 

Kb) In V, tally Stamed Preparations: 

duction stains, sensitive to oxidation and re- 

prcviously been attemm T ^o^taining Negri bodies had not 

pted, so It was decided to try the effect of 
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In. spite of the fact that nearly thirty years have elapsed since 
Negri ^ described the cytoplasmic inclusions associated with rabies, 
no agreement has been reached concerning their probable nature. 
Many investigators have worked on this problem and three distinct 
views are current at the present time. 

1. Negri believed that they were protozoan parasites, a conten- 
tion repeatedly supported by Williams and Lowden,^ and again by 
Calkins.® More recently evidence in favor of this view has been 
brought forward by Levaditi and his assodates ^ who have, on the 
basis of their interpretation of the morphological and biological 
properties and evolutionary cycle of the Negri bodies, proposed the 
name “Glugea lyssae” for them. Manouelian and Viala ® have also 
subscribed to the hypothesis that they are organismal in nature and 
have considered them to be an aggregation of individual parasites. 

2. Other investigators, among whom are Acton and Harvey,® 
Goodpasture,^ and Cowdry,® believe that the Negri bodies arise 
from injury to certain constituents of the nerve ceU brought about 
by the virus. No agreement has yet been reached as to the actual 
constituents involved. The neurofibrils and mitochondria (Good- 
pasture) and the nucleolus (Acton and Harvey) have each been 
cited as participating in their formation. It has, been suggested by 
Cowdry that a more probable origin is from the Nissl substance. 

3. A compromise hypothesis proposed by Prowazek,® concerning 
the Negri bodies and some of the other inclusions in virus diseases, 
has recently been upheld by Lipschiitz and received skeptically 
by others. According to this hypothesis the inclusions consist of 
uunute elementary corpuscular organisms enclosed in a mantle of 
substance produced by the ceU in response to their presence, that is, 
they are cblamydozoa, or mantle animals. 

* Received for publication March 10, 1932. 
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between tbe Negri body and its cytoplasmic environment is sug- 
gested by the reduction of Janus green B by its hyaline matrix which 
encloses the non-reducing granules. 

Janus red B is reduced to a yellow color by the matrix while the 
granules remain a deep red. 

A comparison of the staining reactions with the two Janus dyes 
and brilhant cresyl blue denotes a less permanent staining on the 
part of the former dyes with fewer differences in range of color. In 
other words, the chemical nature of the brilliant cresyl blue permits 
of a diversity of reaction, the result being that such a dye is of value 
in locating Negri bodies in brain material from animals suspected 
of rabic symptoms. The disappearance by fading in moist prepara- 
tions with the two Janus dyes was essentially similar, the staining 
of the chromatoid granules being the last to fade. 

In addition to yielding information concerning the differential 
rate of reduction within the Negri body, coloration with Janus green 
B showed the mitochondria with great distinctness. It is true that 
the chromatoid granules stained a green of the same intensity as the 
mitochondria, but after the fading of the mitochondria, the chroma- 
toid granules were found to persist for several hours under proper 
manipulation. 

It is of interest to note the similarity in vital staining between 
this inclusion and that of vaccinia as described by Cowdry, who 
came to the conclusion that there was no indication of the presence 
of independent microorganisms within the latter. The concentra- 
tion of the Janus dyes used was so high that they stained other 
elements as well as mitochondria. There was obviously a difference 
in the reaction to the stain between the mitochondria and the chro- 
matoid granules which did not suggest a common origin as con- 
tended by Goodpasture. 

(c) In Fixed and Stained Preparations: 

For the purpose of studying the possible part played by the va- 
rious nerve cell constituents in the formation of the Negri body, 
materials, in which either fixed or street viruses were used as the in- 
fecting agent, were fixed in the following ways : Regaud’s formalin- 
bichromate and Bensley’s acetic-osmic-bichromate mixtures for 
mitochondria, the Hirschler and da Fano techniques for Golgi ap- 
paratus, Bethe s method and Cajal’s silver pyridine method for 
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brilliant cresyl blue, Janus green B and Janus red B upon the fresh 
inclusion bodies, note the staining reaction of their various com- 
ponent parts and possibly gain some information regarding their 
probable nature. 

For this purpose a i per cent solution of the dye in 95 per cent 
alcohol was filmed over a clean slide and allowed to dry. A small 
piece of Ammon’s horn from a rabid monkey was mounted on the 
slide and spread by means of a platinum loop. A coverslip was then 
placed over the preparation and ringed with vaseline. As soon as 
the Negri bodies were located the degree of staining was examined 
and further changes, like fading and reduction of the dye, were re- 
corded. 

Brilliant Cresyl Bine (N. A. C.): With this stain the Negri body 
as a whole stains a Bremen blue color,* the “chromatoid granules” 
a Paris blue and the central mass a soft bluish violet. About each 
of the denser staining components is a less intensely colored region 
of hyaline material. This imparts to the Negri body a vacuolar 
appearance about each chromatoid granule, as well as a similarly 
stained but larger vacuole about the central mass. 

In moist preparations the staining was transient, lasting fifteen 
to thirty minutes; the Bremen blue background of the Negri body 
was the first to fade and was followed by fading of the granules and 
central mass. 

Fixed preparations which had been air-dried and rapidly dehy- 
drated in absolute alcohol, cleared in xylol, and mounted in balsam, 
retained the t3T)ical staining of the Negri body for several months. 
Exposure to a carbon arc or other intense sources of light may cause 
noticeable fading of the staining in from one-half to one hour. 

Janus Green B (Grubler): By the use of this dye, employed in the 
same way as the previous one, it was thought that something char- 
acteristic of the Negri body might be found. This dye is capable of 
being reduced to a pinkish color and then a leucobase, as described 
by Cowdry.^^ On examination of material treated in this manner 
bodies were seen in which green granules, corresponding to the 
chromatoid granules in location and appearance, were embedded in 
a faint homogeneous material, the latter being the hyaline-like sub- 
stance of the Negri body. That there is an exchange of substance 

* The colors were determined by comparison with Ridgway’s standard color scale. 
(Color Standards and Nomenclature, Robert Ridgway; Washington, D. C., 1912.) 
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In view of the fact that a negative reaction for the Negri body 
had been reported by Paul and Schweinburg and that normal 
nuclei of Ammon’s horn give a relatively weak reaction, control 
material (spleen and liver) was subjected to the same treatment to 
assure ourselves that the reagents used were suitable. It was found 
that variable results were obtained. In some Negri bodies the re- 
action was negative, while in others a faintly positive result was 
secured corresponding in location to the chromatoid granules within 
the inclusion. 

It was then decided to apply the MUlon test, with reagents pre- 
pared under the direction of Dr. R. R. Bensley, to sections of brain 
tissue of rabbits containing Negri bodies. The results were found to 
agree closely with those secured by the Feulgen reaction, i. e., there 
were occasional faintly positive reactions on the part of individual 
granules within the inclusion bodies. It is of interest to note the 
instances in which a feeble reaction is obtained, indicating the 
presence of proteins probably somewhat altered or reduced in 
amount, due to the degenerative changes occurring in the cell. 

MacaUum’s iron reaction, as modified by Nicholson,^® was ap- 
plied to material fixed in 95 per cent alcohol. A very faint reaction 
on the part of the chromatoid granules and central mass indicated 
the presence in them of masked iron. 

The variability of the Feulgen reaction does not agree with the 
protozoan hypothesis, as presumably this reaction would have been 
more consistent were this the case; therefore, we interpreted the 
result of this test and the Millon test as indicating the presence in 
some inclusions of chromatin of nuclear origin which was not present 
in others, for example the “lyssa bodies.” 

The changes which occurred in the various cell constituents did 
not aid materially in reaching a decision as to which was mainly in- 
volved in the formation of the Negri body, if such a phenomenon 
occurred. However, the earliest forms of Negri bodies were seen to 
lie in a cap of Nissl substance, which indicated that possibly this 
observation had some significance in view of the results of the 
Feulgen test and the masked iron reaction. 

{d) III Incincraicd Sections: 

The inorganic constituents of the Negri body were investigated 
by the technique of microincineration. It was hoped that by so do- 
lOf, decisis c evidence would be secured bearing upon the question 
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neurofibrils, alcohol fixation for the Nissl substance and Zenker’s 
acetic and formol mixtures for general topographic details. 

Preparations stained with aniline acid fuchsin and methyl green 
showed that the mitochondria, in the case of a monkey infected 
with street virus, had undergone marked degeneration in some cells. 
The same was found to be true in cells affected by the fixed 
virus. Marked changes sometimes occurred in the shape of the 
mitochondria in the area of the cytoplasm nearest the inclusion 
body, but possible transition forms between mitochondria and 
Negri bodies were not observed. Neurofibrils, when examined in 
preparations treated by the methods mentioned above, were 
usually noticeably altered, showing fragmentation, thickening and 
dissolution. 

The Golgi apparatus, also, was considerably fragmented in a few 
of the cells containing inclusions. Examinations of sections prepared 
for the demonstration of Nissl substance by staining with toluidin 
blue showed, in cells containing inclusions, a marked variability in 
the appearance and amount of this constituent, from a state in 
which most of it appeared to have gone into solution to a condition 
in which it was very little altered. In the lesions caused by the 
“fixed” virus of rabies small Negri bodies were frequently seen in a 
cell at one pole of the nucleus, usually nearest the axone, lying 
closely adherent to it and embedded in a nuclear cap of Nissl 
substance. 

It was considered essential to determine whether or not the Negri 
body contains thymonucleic acid, by applying the Feulgen reaction, 
because considerable emphasis has been laid upon its chromatin 
content by supporters of the protozoan hypothesis. If a positive 
reaction were obtained, two alternatives should be considered, each 
in support of widely divergent opinions; (a) that it is organismal in 
nature, or (b) derived from nuclear constituents present in the 
normal nerve cell. 

The material used in this test was obtained from rabbits and 
nionkeys reacting to inoculation with street virus. Portions of 
Ammon’s hom were fixed in equal parts of absolute alcohol and 
saturated aqueous corrosive sublimate. Sections 3 to 5 microns thick 
were cut and mounted and the Feulgen reaction appHed to them, as 
described by Cowdry. 
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ing such positions within the cytoplasm as to leave no doubt in our 
minds that they constituted the residue of incinerated Negri bodies 

(Figs. 5 and 6). _ 

It was impossible to reproduce in the photographs aU the details 
observed in the sections. It can be seen, however, that there is a 
decided difierence in the ash of the nucleus and cytoplasm of cells 
containing Negri bodies (Figs. 5 ^.nd 6), and those without inclu- 
sions or of normal cells (Figs. 3 and 4)- Camera lucida drawings 
were made of incinerated cells containing Negri bodies and similarly 
treated normal cells which show more clearly the difference in the 
orientation and amount of ash (Figs. 7 and 8). 

In cells containing Negri bodies there appears to be an orientation 
of the ash around the periphery of the nucleus and the cytoplasmic 
ash is very much reduced, apart from that of the inclusion. There 
also appears to be a reduction in the amount of ash in the nucleolus. 
In a number of Negri bodies examined there was a variation in the 
organically bound iron present. Stages from a practically iron-free 
deposit to others in which the iron particles were scattered through- 
out the cell body, giving it a distinct yellow appearance, were ob- 
served. It is clear, therefore, that the incineration of Negri bodies 
at high temperatures leaves a grayish white ash consisting mainly of 
calcium, together with a variable amount of organically boimd iron 
ash. 

There was no suggestion of any inorganic residue which might 
represent a membrane surrounding a protozoan, neither did the 
internal structure of this fairly compact ash, which resulted from 
the incineration of the Negri body, suggest an aggregation of indi- 
vidual parasites within the body. This was of interest because 
Scott and Homing in their work on opalinids found that the nuclei 
of protozoa contained very little ash; and no almost ash-free stmc- 
ture, representing a possible protozoan nucleus, could be distin- 
guished within the incinerated Negri body. The discovery of yellow 
masked iron within some of the inclusions supports the results 
obtained with the Feulgen, Millon and Macallum reactions and will 
be referred to in the discussion. 
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as to whether it is protozoan in nature, or a product of cellular con- 
stituents altered by the action of the virus. 

The technique employed was that devised by Policard and modi- 
fied by Scott. The material used was taken from the region of the 
hippocampus of a monkey which was experimentally infected with 
street virus and sacrificed i8 days after inoculation. This material 
was fixed for 24 hours in a solution containing 9 parts of absolute 
alcohol to I part of formalin, after which it was thoroughly dehy- 
drated in absolute alcohol, cleared in xylol and mounted in paraffin. 
Sections 4 microns thick were cut and mounted on slides, using 
liquid petroleum to prevent any absorption of water. The slides 
were then placed in a quartz oven, the heat of which could be regu- 
lated by means of a rheostat, and incinerated for 35 minutes at 
temperatures gradually increasing from 143“ C to 604° C. After 
cooling they were removed and mounted dry. Alternate sections to 
those incinerated were stained in the usual manner for controls. 

The incinerated sections were examined under high dry and oil 
immersion lenses, using dark-field Ulumination. The results ob- 
tained by this method proved very satisfactory because examination 
of the control sections showed that the finest topographic details 
had not been lost by the incineration. The ashes left from the inor- 
ganic and organically boimd salts within the nerve cells were clearly 
demonstrable and the cell membranes, nuclear membranes and 
nucleoli were very evident (Figs, i and 2). 

The nature of this ash is to some extent revealed by its color. 
Calcium, magnesium and aluminium appear as a grayish white 
deposit, organically bound iron as a faintly yellow ash, while free 
iron is reddish in color. 

The distribution of the ash in sections of normal nerve cells ex- 
amined showed that the nucleolus left a distinct yellow ash, indi- 
cating that iron-contaming protein is present in comparatively large 
amounts in that structure. The nucleus contained mainly a deposit 
of grayish white ash in which a fair number of yellow particles were 
apparent; and the cytoplasm a large quantity of grayish white ash, 
probably mostly calcium, with a much smaller, scarcely visible 
amount of yellow residue. 

Similar areas of a control section showing numerous Negri bodies 
were compared with those of the incinerated material. In the latter 
a number of cells were seen to exhibit compact ash deposits occupy- 



566 


COVELL AND BANKS 


2. The concept that the Negri bodies are formed from con- 
stituents present in the normal nerve ceU is more in agreement with 
our findings. Evidence has already been brought forward that the 
neurofibrils and mitochondria (Goodpasture), and the nucleolus 
(Acton and Harvey), take part in their development. It has also 
been suggested by Cowdry that the Nissl substance may contribute 
to their formation. 

With regard to the contention that the mitochondria and neuro- 
fibrils give rise to the formation of this inclusion body, it does not 
seem to us that the evidence is very conclusive, especially regarding 
the former. The material we used for microincineration had previ- 
ously been fixed in an absolute alcohol mixture in which the mito- 
chondria would in all probability have undergone solution, and 
corresponding ash-free areas, occupying the position of the inner 
bodies (chromatoid granules) , to which they are alleged to give rise, 
would have been present in the incinerated Negri bodies. These 
were not present. In the stained control sections from material 
treated in the same manner these inner bodies were clearly demon- 
strable, which would further indicate that their origin from mito- 
chondria was highly improbable. Moreover, there was the evidence 
from vital staining which indicated a difference in the chemical 


nature of these elements, the chromatoid granules retaining their 
staining for some time after the mitochondrial staining had faded. 
The former occasionaUy reacted positively to MacaUum’s test for 
masked iron and theFeulgen reaction, whereas the latter never did, 
and again, the chromatoid granules are basophiUc wHle the mito- 
chondna are acidophilic. Evidence is therefore lacking of transition 
between the mitochondria and the chromatoid granules. 

Although tie neurofibrils showed marked degeneration we could 
not distinguish wnthin the Negri body, located in a ceU showing 
these changes, any sign of material suggesting the formation of its 
hyaline substance from this constituent. However, the evidence of 

rKv;qihirf regarding the neurofibrils, and the 
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is that tho no cannot be disregarded. The difficulty 
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Discussion 

These observations have, we believe, a definite bearing upon the 
three hypotheses concerning the nature of the Negri body. 

I. The hypothesis advanced by many authors that the Negri 
bodies are individual protozoa, or by others that they are an aggre- 
gation of individual parasites does not, in our opinion, appear to be 
supported by the results obtained in these experiments. 

Under dark-field illumination in the living state no evidence of 
a membrane separating the Negri body from the cytoplasm of the 
cell was seen, neither did the granules change their location or ex- 
hibit movement. The microincineration technique, by which a 
plasma membrane is rendered visible when present, also supported 
the previous observation by being negative in this respect. Further- 
more, the nucleus of a protozoan (opahna) has been observed by 
Scott and Homing to contain very little ash, which did not agree 
with the rather compact ash residue within the Negri body; but of 
course it does not follow that all protozoan nuclei are characterized 
by a light ash, so that this observation, though of considerable in- 
terest, is of little value as evidence. 

The variability in the MacaUum, Feulgen and Millon reactions 
was less in favor of the protozoan contention than of the origin of 
the inner bodies from extruded basophilic nuclear chromatin and 
Nissl substance, unless it is assumed that the Negri bodies are dead 
and dying protozoa. 

Again, the observations of other authors, such as Acton and 
Harvey, are not in agreement with this theory. They state that the 
extreme variations in size and appearance of these inclusions in the 
various experimental animals suggest their formation from cytoplas- 
mic material, rather than the interpretation that they are protozoan 
in nature. It is true that no protozoan has ever been reported which 
at times is invisible and which exhibits such profound differences in 
size and appearance when parasitic in different species of animals. 
The variation between the ‘Tyssa body,” as described by Good- 
pasture, and the typical Negri body w'ould also suggest the same 
conclusion. Neither does the experimental evidence, which we do 
Bot intend to discuss in this paper, lend strength to the idea that 
the Negri bodies are protozoan. 
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that in the cortical motor cells of an animal suffering from rabies 
there was evidently a conversion of the iron-holding basophilic 
chromatin into oxyphilic granules containing very little iron, and 
these oxyphilic granules corresponded to the previous location of the 
Nissl substance. It is known that the Nissl substance undergoes 
characteristic changes during fatigue and injury, and Nicholson, 
in his extremely interesting work upon the changes in iron substance 
in nerve cells, pointed out that the alteration in the iron-reacting 
granules of the c3rtoplasm corresponded with the morphological 
changes in the Nissl substance in nerve cells following injury. It is 
also pointed out that a regeneration of iron-holding chromatin 
occurs apparently from the nucleus and in all probability the Nissl 
substance is eventually replaced around the nucleus if complete re- 
covery of the cell occurs. We maintain that this evidence is in sup- 
port of our observations on the origin of the “lyssa bodies” and on 
the variation in amount of Nissl substance in nerve cells containing 
either “lyssa bodies” or Negri bodies. 

According to Scott,^ apart from the Nissl substance, the covering 
of the nucleolus and the nuclear chromatin also contains iron. He 
found that in pig embryos, 7 mm. to 18 mm., the iron-holding chro- 
matin is confined to the nucleus, but that during further develop- 
ment the basophilic iron-holding chromatin passes into the cyto- 
plasm but the oxyphilic does not. Other authors believe that there 
is a passage of the iron-containing protein of the nucleus through 
the nuclear membrane into the cytoplasm during chromatolysis ; 
this phenomenon might be expected to occur as an endeavor on the 
preserve a nucleocytoplasmic ratio compatible 

mth hfe. 


It is very significant that in the incinerated sections of cells con- 
ainmg ■‘^®Sri bodies there is an orientation of the nuclear ash 
around the penphery of the nucleus, and within the Negri body in 
same ce is easy to detect the yellowish ash, which represents 
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that apparent similarities are to be discounted. Obviously to reach 
a decision the two must be compared side by side in the same cells 
by a variety of techniques in addition to the one used by Good- 
pasture whichL, like the silver method, reveals the neurofibrils in an 
unusually robust state. So elusive are the neurofibrils that we know 
nothing of their chemical composition and consequently cannot 
speak with assurance regarding their change into other substances. 

The Golgi apparatus, although fragmented in many cells contain- 
ing inclusions, did not appear to have any relation to their origin. 

However, the results we obtained from the microincineration 
technique and masked iron reaction indicated the presence of or- 
ganically bound iron, and the strikingly similar results from the 
Feulgen and MiUon’s reactions indicated the presence of chromatin 
of nuclear origin. Both types of reactions occurred within the typi- 
cal Negri body in the position of the inner bodies or chromatoid 
granules, and were interpreted by us to be due to these bodies having 
their origin in the basophilic, iron-containing protein of the nucleus 
which had been extruded into the cytoplasm during the cellular re- 
action to the virus. The Negri bodies which gave a negative reaction 
to the above techniques we interpreted, on the basis of Macallum’s 
theory on the conversion of basophilic chromatin into oxyphilic 
granules, as consisting of material which had lost its basophilic 
properties and become oxyphilic. Inclusion bodies which are aci- 
dophilic include the presumably atypical inclusions which Good- 
pasture terms ‘Tyssa bodies.” 

The presence of organically boimd iron within the t3rpical Negri 
bodies led us to review the available literature upon this side of the 
question. A great deal of work has been done in connection with the 
iron-holding chromatin of the cytoplasm (Nissl substance) and the 
chromatin of the nucleus. As early as 1897 Mackenzie^® and 
MacaUum 21 showed that this so-called chromidial substance was 
rich in iron, and the former was the first to report the presence of 
organically bound iron in nerve cells. He further pointed out the 
relationship between the iron-holding Nissl substance (chromidial 
substance) and the iron-containing chromatin of the nucleus. In 
his work upon the nerve cells of rabbits which had been inoculated 
with rabies he found that as long as basophilic granulations were 
present in the cells, iron-holding material was also present. He fur- 
ther reported a factor of importance to our interpretation, in so far 
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do exist one would expect them to be at least slightly basophilic, for 
the tiniest organisms, the Rickettsia, are basophilic. Yet in many 
Negri bodies no trace of basophilia can be distinguished. For reasons 
such as these the chlamydozoal h3^othesis can only be dismissed as 
not proved. 

Conclusions 

1. The cytological evidence presented, with that of other au- 
thors, together with the experimental evidence, is not compatible 
with the protozoan or organismal theories concerning the nature of 
the Negri bodies. 

2. The contention that they arise from constituents already 
present in the nerve cell as a result of the action of the virus is in 
agreement with our findings, but we consider the evidence for the 
participation of the mitochondria, neurofibrils and nucleolus as in- 
conclusive. 

3. Both the Negri bodies and the smaller at3^ical lyssa bodies 
are probably formed by alterations in the basophilic Nissl substance, 
the fundamental ground substance of the cell, and by addition of 
variable amounts of basophilic material of nuclear origin. There is 
no evidence that organisms on the borderline of microscopic visi- 

ility are cloaked with these cellular components in accordance with 
the chlamydozoal h)^othesis. 
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thors, it seems to us that there is now sufficient evidence to account 
for the origin of the Negri body with its many variations in struc- 
ture. 

It is our belief that owing to the action of the virus (enzymatic, 
catalytic or otherwise) there is a reaction bringing about chroma- 
tolysis with its accompan3dng alteration of the Nissl substance and 
chromidiosis. The basophilic iron-containing protein of the nucleus 
is extruded into the cytoplasm, probably in an endeavor to support 
the proper nucleocytoplasmic ratio; this in turn is also gradually 
converted, during the cellular reaction, into the ox3rphilic, appar- 
ently homogeneous material of the matrix of the Negri body; the 
remaining unaltered portion or portions forming the basophilic 
iron-containing inner bodies. 

The “lyssa bodies” may, in our opinion, either result from the 
complete conversion of all this basophilic chromatin into oxyphilic 
material, or by an aggregation of the particles of altered Nissl sub- 
stance which during chromatolysis had lost its iron-containing 
properties. 

The remarkable similarity of the variations in the results ob- 
tained with the microincineration, masked iron, Feulgen and Millon 
techniques appeared to us to bear a striking resemblance to those 
which would be produced as a result of the formation of the various 
types of Negri bodies, including the “lyssa bodies,” from the 
basophilic nuclear chromatin and Nissl substance due to the action 
of the virus of rabies. Obviously, however, it cannot be said that 
either Negri bodies or lyssa bodies are formed whoUy from baso- 
philic material. It is impossible to exclude the ground substance of 
the cytoplasm, containing the Nissl substance, which does not color 
with basic dyes, for the material of the Nissl bodies is probably 
present during life in solution in it (Cowdry “). 

3. The compromise hypothesis that the Negri bodies consist of 
minute elementary corpuscular organisms enclosed in a mantle of 
substance produced by the cell in response to their action is, owing 
to its very nature, difficult of proof or disproof. If the elementary 
corpuscles were microscopically visible it would not be so difficult. 
The trouble is that we and others have consistently failed to find 
them. They are by definition different from the “chromatoid 
granules” which are seldom very numerous and which vary in size 
sometimes being comparatively large. If such elementary organisms 
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Plate 102 

Figs, i and 2. Showing the comparison between a stained control section and 
an incinerated section taken from the same portion of brain tissue. The 
fact that the majority of the histological detail is preserved after incinera- 
tion can be seen in spite of the loss of detail due to refraction of the light 
upon the mineral salts during photography. 
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Plate 103 

1 Normal incinerated nerve cells showing the amount of mineral 
^cnt in the nucleus and cytoplasm. 

. : : Cells showing the rather compact ash deposit, lying close to 

: ucleus, which represents the mineral salt content of the Negri body. 

■ir.J 8. Camera lucida drawings indicating the difference in the in- 
■Lu'.'inic ash after incineration of normal nerve cells (7), and cells containing 
\tgri bodies (8). Note the orientation of the ash of the nucleus around its 
icnpher}" in the latter and also the loss of the cytoplasmic mineral salts, 
ipart from those in the Negri bodjL 
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was also emphasized that if an island were large, more than one 
arteriole supplied its network — as many as three arterioles to some 
of the larger ones. These short direct arterioles to the islands were 
contrasted with the longer ones supplying the outlying acinar tissues 
of the lobule. 

It was explained that this arrangement favored the circulation of a 
large volume of blood through the islands. Since the arterial pres- 
sure dimimshes directly with the length of the vessel, it is higher at 
the end of a short arteriole than at the end of a longer one. There- 
fore, the short direct arterioles to the islands afford a higher pressure 
for the column of blood entering the capillary network than the 
longer arterioles suppl3dng the outlying acinar tissues. On the 
venous side the short direct venules of the islands ensure a low ve- 
nous pressure with a minimal resistance to the egress of blood. As a 
result of these observations it could be stated that in chronic passive 
congestion the circulation through the islands is maintained because 
the pressure in the short arterioles is sufficient to overcome the in- 
creased pressure in the venous system. On the other hand, there is 
stasis in the peripheral parts of the lobules because the pressure in 
the longer vessels is not sufficient to overcome the venous pressure. 

In the following experiments increased venous pressure in the 
veins of the pancreas of rats was produced by partially obstructing 
the flow through the inferior vena cava between the base of the heart 
and the diaphragm. This caused congestion of the portal venous 
system through the liver, pancreas and intestines. In all, about 
twenty five adult white rats were used. One was used as a control 
mthout obstruction and in this instance the dye used circulated uni- 
formly with the blood without evidence of emboU occluding arteries 
or artenoles The total flow was obstructed in three rats — in the 
remainder the obstruction was partial. 
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THE CIRCULATION IN THE PANCREATIC LOBULE AFTER 
PARTIAL VENOUS OBSTRUCTION * 

James S. P. Beck, M.D., and Paul Peterson, B.S. 

{From the Department of Medicine, Vanderbilt University School of Medicine, 

Nashville, Tcnn.) 


The object of the studies here reported was an analysis of the 
circulatory changes in the pancreatic lobule d.uring venous obstruc- 
tion. Little attention had been directed to the changes in the pan- 
creas in chronic passive congestion imtil 1925, when VonGlahn and 
Chobot^ described in detail for the first time the changes in the pan- 
creas in cases of heart failure. Among the distinctive features ob- 
served were areas of capillary congestion at the periphery of the 
primary lobules, with no congestion of the vessels of the islands of 
Langerhans. .The observations emphasized the importance of a care- 
ful study of the capillary patterns in these lobules. 

Before 1925, however, DeWitt ® had made a comprehensive study 
of the anatomy and physiology of the pancreas. Relative to the cir- 
culation she believed that the islands of Langerhans were supplied 
by venous channels arising from nearby veins. She found that there 
was stasis of blood in the island capillaries in chronic passive con- 
gestion and cites this in support of the venous origin of these ves- 
sels. Since this work, few investigations concerning the circulation 
in the pancreatic lobules have appeared. 

Beck and Berg ® made an anatomical study of the circulatory pat- 
tern in the islands of Langerhans and foimd that the islands were 
located near the larger vessels of the lobules. They described short 
direct arterioles suppljdng the island capillaries, a free anastomosis 
between these capillaries and the interacinar capillaries, and short 
direct efferent venules draining the island network. Thus they were 
presented as units lying near the central vessels of the lobule, having 
a distinct and separate blood supply independent of the capillaries 
of the remainder of the lobule, except for the free anastomosis oc- 
curring between the insular network and the interalveolar rete. It 

* Received for publication April i, 1932. 
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The Circulation in the Lobule with Partial Obstruc- 
tion OP THE Interior Vena Cava Immediately 
Proximal to the Diaphragm 

The peripheral capillaries were dilated and engorged with red 
blood corpuscles, while the arteries and arterioles were filled with 
black dye. The capillaries of the islands of Langerhans were well 
injected and stood out as black areas of tortuous capillaries (Fig. 2). 
There were occasionally seen other areas of partial injection, usually 
located near the islands. The short arterioles to the islands were 
blackened; the efferent venules were also, but to a lesser degree. In 
the long arterioles the dye was dense at the projdmal end and a short 
distance along the course. The dye gradually faded before the pe- 
ripheral capillaries were reached. The venules draining the peripheral 
capillaries were widened and engorged with red blood corpuscles and 
contained no dye. The arteries and arterioles in the lobules of the 
many pancreases examined were similar, but varied in dye distribu- 
tion according to the amount of obstruction of the inferior vena cava. 
In every case in which the degree of obstruction was just short of 
bemg complete (the degree estimated at the time when the copper 
wire was placed around the inferior vena cava), there was an ab- 
sence of dye in the periphery. In those cases in which the degree of 
obstruction was estimated as about one-half, a smaU amount of dye 
flowed mto the peripheral capillaries. However, the capiUaries of the 
islands contained dye in aU degrees of obstruction with the single ex- 
ception of complete obstruction. 


Tm ClECTILATION IN THE LOBTOE FOLIOWING COMPLETE 

Obstruction or the Inferiok Vena Cava Immediately 
Proximal to the Diaphragm 

contained the black dye. 

of both the 

ands and acmar tissue were free from it. The venules were 
ThfperiLtlal “•n'’ ‘f'o capiUaries. 
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the subcostal angles and passing up the tenth intercostal space on 
each side toward the axillae. Such incisions usually avoid large ar- 
teries and veins so that hemorrhage is not troublesome. The four 
flaps formed by the incisions were retracted and held in place by 
clamps. This gave full exposure of both thoracic and abdominal 
viscera. Warm saline was used over the viscera to protect them from 
dr3dng. The diaphragm was cut from its anterior and lateral at- 
tachments and the phrenic nerves were severed, thus paralyzing the 
diaphragm. By these procedures about 2 cm. of the inferior vena 
cava was exposed between the diaphragm and the heart. A ligature 
was placed loosely around the aorta just above the heart so that it 
could be tied immediately after the injection had been completed. 
By means of a soft copper wire placed around the inferior vena cava 
varied degrees of partial obstruction in some cases, and complete 
obstruction in others, were made. With the pulmotor working, the 
circulation could be kept going for periods sufficient to ensure defi- 
nite enlargement of the liver and distention of the veins of the vis- 
cera. When the congestion was well marked the pericardium was 
opened and by means of a small hypodermic needle Higgins’ com- 
mercial India ink was injected slowly into the left ventricle. The 
injection was continued until the liver became “peppered” with pin- 
point black dots. The aorta was then tied and the animal imme- 
diately placed in cold 10 per cent formalin. Later the pancreas was 
dissected out and the lobules were teased apart and studied. Some 
lobules were sectioned with a razor blade and others were embedded 
in paraffin, sectioned and stained vdth hematoxylin and eosin. By 
far the best specimens were obtained by dehydrating, clearing and 
mounting whole lobules after they had been teased apart. They were 
cleared in methyl salicylate. 

The Circulation in the Lobule without Obstruction 

The capillaries of the lobules in these experiments were uniformly 
injected and there was no evidence of emboli obstructing the flow. 
The islands stood out as darker areas located near the larger vascu- 
lar trunks (Fig. i). These sections were used as controls. 
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The height of the fluid in the piezometer tubes, the speed of flow 
throughout the system, and how these are affected by vaiying de- 
grees of obstruction at the outlet are more easily understood if the 
simplest possible condition exists. To begin with, therefore, the 
connecting-tube is omitted and the conditions examined in the 


simple U-tube. To observe the speed of flow in the system a dye may 
be injected through a rubber connection with a needle and syringe at 
any desired time. The rate at wWch the dye moves along indicates 
the speed of flow with accuracy sufficient for this experiment. 

With a set level in the reservoir, and while the fluid is flowing 
freely through the system, the fluid level in Pi is highest, and in Pe it 
is the lowest. Between these points is a gradual uniform change in 
pressme, which, if charted, will form a straight line between the 
highest pressure and the lowest pressure. Thus is formed a uniform 


gradient of diminishing pressure along the length of the U-tube (see 
curve “a” on the chart). The pressure at any other point can be 
computed by hydraulic formulae. By partially occluding the outlet 
while the fluid is flowing, a change in pressure occurs at once through- 
out the system and is seen in the rising levels in the piezometer 
tubes. It is observed that the greatest change in pressure will be in 
the piezometer tube nearest the obstruction, and the least in the one 
nearest the reservoir. Between these points the change is interme- 
diate If the heights of the new levels (see curve “b” on the chart) 
are plotted on the previous chart the change is apparent. At once it 
IS seen that a umform diminishing gradient of pressure, caused by the 

o struction, IS formed between tubes Pg and Pi against the flow. The 

ew gra ent is formed at the expense of the gradient of pressure 
ansing from the reservoir, and the speed of flow is lowered. As the 

completeness the levels approach 
each other the gradient becomes less and less, and the speed of flow 

levek !r the obstruction is complete, the 


thfoU the w T "HT ‘he drculatio. 

notet ? V. “"-ihions is produced 

wtothe flo! “ ‘'’'= ™ ‘h<= piezometer tube 

kvels il: “‘““"hed. There is a tall of th, 

The greatest is in P '‘“h (sec curve “x” on the chart) 

gr .s m P, near the connecting-tube. The levels in th, 
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Physical Model 

The findings in these experiments were more easily interpreted 
when the pressure relationships were more accurately and critically 
examined in a physical model so constructed as to conform closely to 
the circulatory pattern in the pancreatic lobule. 

Such an apparatus (Fig. 4) may be constructed with the use of a 
reservoir, a U-tube equipped with piezometer tubes, and suitable 
connections for incorporating a connecting-tube and constrictions. 
Each limb of the U-tube may conveniently be about 45 inches long 
with piezometer tubes erected at 15 inch intervals. The bend may 
also be 15 inches long. One limb (proximal) is attached to the lower 
end of the reservoir. The reservoir is of a type which maintains a 
constant level while the fluid is flowing through the system. In com- 
paring the apparatus to the vascular system in the pancreatic lobule, 
the reservoir is the source of steady pressure and represents the in- 
tralobular artery. The proximal limb from the reservoir to the bend 
represents the small arterial branch arising from the intralobular 
artery which will carry blood to the peripheral parts of the lobule. 
The bend of the U-tube represents the peripheral capillaries, and the 
distal limb may represent the small vein which brings blood from 
the periphery back to the middle zone of the lobule. The circulation 
through the islands is represented by a connecting-tube (15 inches 
long) inserted into the system to join the proximal and distal limbs 
a short distance (about 15 inches) from the reservoir. The short 
arterial branch from the intralobular artery is represented by the 
segment of the proximal limb of the U-tube existing between the 
reservoir and the point of attachment of the connecting-tube; the 
insular capillaries are represented by the connecting-tube, and the 
short efierent veins are represented by the segment of the distal 
Ihnb existing between the outlet of the system and the point of at- 
tachment of the connecting-tube. 

The piezometer tubes are so placed as to indicate the pressure in 
the critical points of the system. Along the proximal limb the piezom- 
eter tube (Pi) is near the reservoir and adjacent to the connecting- 
tube, P2 is between the connecting-tube and the bend, and P3 is 
Bearer the bend. Along the distal limb P4 is near the bend, Ps is be- 
tween the bend and the point of communication made by the con- 
necting-tube, and Pe is adjacent to the connecting-tube. 
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there is again noted a sharper rise in pressure in the system near the 
obstruction. The rise becomes less and less as the reservoir is ap- 
proached. The gradients are similar to those following obstruction in 
the previous experiment, with the exception of the slight alteration 
caused by the connecting-tube, the result being that there is greater 
slowing of the flow through the bend. The slowing is progressive as 
obstruction approaches completeness. 

There are many islands, however, whose afferent arteries arise 
directly from the intralobiflar arteries instead of from the small 
arterial branch illustrated in the model. In this case the free anasto- 


mosis existing between the capillaries of the islands and those of the 
adjacent acinar tissue makes a similar relationship of pressure, 
though the amount of variation may be slightly less. The efferent 
venules are more commonly foimd as tributaries of a small vein 
which drains a part of the interadnar capillaries. 

If a resistance like that of the capillaries of the periphery is now 
put into the system by means of a constriction in the U-tube at its 


bend, and a similar constriction is placed in the connecting-tube to 
represent the resistance offered by the insular network of capillaries, 
the apparatus more nearly represents the situation in the pancreatic 
lobules. The greater resistance of the interadnar capillaries may be 
represented by a constriction in the bend of the U-tube, which is 
narrower than the one in the connecting-tube which represents the 
slightly wider capillaries in the islands. As a result of these changes 
in the apparatus there is a marked alteration in the levels in the 
piezometer tubes. Those in the distal tube (Pe, P5, P4) are lowered 
somewhat, while those in the proximal tubes (Pi, Pj., P3) are greatly 
e evated (see curve y on the chart). The explanation'* of these 
c anges is simply the result of an adjustment of the pressures to 
he resistances placed in the apparatus. The less resistance in the 
connecting-tube wiU allow a greater volume of fluid to flow at a 
aster rate between the extremes of pressure. This will result in a 
sWI slower rate in flow through the smaUer constriction at the bend, 

000,1^ same principles above described when the 

rapitoties of the U-tube and connecting-tube ate unifonn. If par- 

0b=entdT„"^ ® bend than was 

connecttl , ° conditions. The slowing through the 

connect, ng-tube is not so marked. As obstruction approaches com- 
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tubes of the distal limb (P4, Ps, Pe) are slightly elevated. The great- 
est change is in tube Pe which is nearest the connecting-tube. The 
reason for these changes is readily seen when it is remembered that 
the connecting-tube allows a flow from the highest pressure of the 
proximal limb to the lowest pressure of the distal limb; it lies be- 
tween the extremities of the gradient of pressure in the system. Thus 
a rapid flow is established, which allows a fall in pressure from the 
proximal limb and causes a slight rise in pressure in the distal limb 
as described. There follows a disturbance in the original uniformity 



1 

Curve "a” shows the gradual uniform change in pressure between piezometer tubes 
Pi and Pe with only the U-tube and no connections. 

Curve “b” shows the uniform increase in pressure between tubes Pi and Pe, with partial 
occlusion at outlet in the U-tube wiUi no connections. 

Curve “x” represents the pressure after insertion of connecting-tube between the limbs 
of the U-tube. 

Curve “y” represents the pressure in the tubes when the outlet has been partially ob- 
structed and with the connecting-tube inserted. 

Curve “z” represents the pressure when constrictions have been made in bend of U- 
tube and also in the connecting-tube, and with partial obstruction to the outlet. 


of the gradient, which tends to approximate the pressure in the tubes 
Ts and P4 at the bend. At the same time there is less pressure to 
force the fluid along, as much of it is shunted through the connect- 
ing-tube. This results in a slowing of the flow through the bend. 

If the outlet is again partially occluded while the fluid is flowing 
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structure of the circulatory pattern, which favors a faster flow 
through the islands of Langerhans than through the peripheral 
capillaries. 

2. The flow through the islands is not seriously embarrassed in 
considerable venous obstruction, whereas in the peripheral capillaries 
there is a tendency to congestion. 

3. Experiments with a simple physical model, which appear to 
parallel closely the animal experiments, indicate that the pressure 
relationships are the major factors involved. 

Note: We wish to thank Dr. C. Sidney Burwell of the Depart- 
ment of Medicine for making possible these experiments and for 
helpful suggestions, Dr. Ernest W. Goodpasture of the Department 
of Pathology for reviewing some of the microscopic slides, and Drs. 
T. D. Cope and H. C. Barker of the Department of Physics of the 
University of Pennsylvania for helpful criticisms. 
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pleteness the rate of flow in the bend is so slowed that the movement 
of the fluid is barely perceptible, while that in the connecting-tube is 
readily perceived. 

Discussion 

The findings from animal experimentation and observations made 
upon a physical model are in accordance with the conditions was 
observed in the peripheral and insular capillaries of the pancreas in 
cases of chronic passive congestion. The results of the animal ex- 
periments, though they clearly show a lack of dye in the peripheral 
capillaries in partial venous obstruction, do not indicate that the 
flow under these conditions is nil in these channels. The aorta was 
h'gated immediately when the injection was considered complete, 
thus stopping the circulation completely. The injection was con- 
sidered complete when the dye began to appear in the efferent 
venules of the enlarged liver — indicating that it had passed through 
some of the capillaries and had entered the portal venous system. 
The portal vein in each case was blackened. If time had been al- 
lowed, in any degree of partial obstruction, for the blood to travel 
through the peripheral capillaries, some dye undoubtedly would 
have been seen in these vessels. The experiments indicate, however, 
that there is a lack of uniformity of flow in all parts of the pancreatic 
lobule, which is due to the peculiar anatomical structure of the cir- 
culatory pattern. The result is that there is ensured a maximum flow 
of blood through the islands in various degrees of obstruction, at the 
same time favoring conditions for stasis in the capillaries of the mar- 
ginal zones of the primary lobules. 

In simplif3dng the physical model, the flexibility of the blood ves- 
sels, their tapering structure, the number of capillaries and branches, 
and their conformity in size were sacrificed. A fluid of little viscosity 
was used as the circulating medium. As the results of the experi- 
ments with the physical model appear to parallel closely those of the 
animal experiments, they indicate that the pressure relationships are 
the major factors involved. 


Summary 

I- Animal experiments were done which indicate a lack of uni- 
formity of the flow of blood in all parts of the primary lobules of the 
pancreas. This inequality of flow is based upon the anatomical 
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hans 

Small arterj' to acinar tissue 
Interacinar capillaries 
Small vein accompanying small ar- 
tery to acinar tissue 
Capillaries in islands 
Efferent venule of islands 

Intralobular vein 

5 piezometer tubes 


(Compare with Figs, i, 2 and 3.) 
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the undiluted stain and placed in the dish containing the diluted 
blood stain. After 2 to 10 minutes they were removed one by one, 
blotted (not dried), passed rapidly through two dishes of absolute 
alcohol into xylol, and then into clean xylol, from which they were 
mounted in balsam on a slide. 


In order to compare the preparations stained with Wright’s with 
those stained by other methods, some moist spreads were fixed in 
methyl alcohol and stained with Giemsa’s stain; others were fixed in 
one-third absolute alcohol plus two-thirds saturated aqueous cor- 
rosive sublimate and stained with methyl green and acid fuchsin or 
with methyl blue and erythrosin; and some were fixed with Zenker- 
formol and stained with hematoxylin and eosin. All of the methods 
furnished excellent preparations, but the simple Wright’s blood stain 
was the most satisfactory and furnished the most differentiation. 

By means of Wright’s stain the greatly h3q)ertrophied spindle and 
stellate cells showed with marked clearness. The numerous chroma- 
tin granules in the large nuclei of these cells, described by Aragao,^ 
were sharply stained a deep purple and the hypertrophied true 
nucleolus a pinkish blue. The myxomatous material described by 
Hobbs ^ in these cells was stained slightly pink. The granular in- 
clusion body in the ectoderm ceUs, described by Rivers, ^ was stained 
pmk; the granules in the polymorphonuclear cells became a bright 
red, the basophilic granules in the mast ceUs a blackish purple; 
erythrocytes were orange; ingested red blood cells were a greenish 
blue and ingested pol)anorphonuclear cells showed as red granules 
and blue fragments of nuclei. Numerous rickettsia-like granules, 
probably the granules described by Lipschiitz,^ present in epithelioid 
cells and in hypertrophied monocytes of the tumor were stained a 
pmkish purple. 


By the Wnght’s blood stain it was evident that the greatly en- 
arged spindle and steUate connective ceUs, as described by Hyde 
and Gardner,^ with their hypertropHed hyperchromatic nuclei and 
myxomatous material were the cells that correspond to the malig- 
nant cells of mai^aUan tumors. It is probably from the presence of 

mX? ft ?” “ a myxoma, although the 

DlXo ' X™ POl> 7 noiphonudcar leucocytes which takes 
The *^tacteristic of tumors in general. 

fcrentiatpHK™i'i.'^'^wr lesion were not so clearly dif- 

y he Wnght s stain as by the method described by 



A SIMPLE METHOD FOR STUDYING THE CYTOLOGY OF THE 
INFECTIOUS MYXOMA OF THE RABBIT* 

Maegaret Reed Lewis and Raymond E. Gardner 

{From the Department of Embryology, Carnegie Institution of Washington, and 
Department of Filterable Viruses, School of Hygiene, Johns Hopkins 
University, Baltimore, Md.) 

It is well known that characteristic changes occur within host cells 
of animals and plants infected with certain filterable viruses. For 
this reason it seemed important to describe a simple and rapid 
method — in brief — a modified Wright’s blood stain, that was 
found useful in studying the cells of the tumor produced by the virus 
of infectious myxomatosis of rabbits. 

A small, covered Stender dish (about i inch high by inches in 
diameter) was filled about half full with undiluted Wright’s stain, 
and in another dish of the same size was placed about the same quan- 
tity of stain diluted one-half with distilled water. A tumor nodule of 
sufficient duration was selected and excised from the etherized ani- 
mal. A thin slice of the tumor was laid flat on a thin i inch square 
coverglass and slowly dragged across its surface. This was quickly 
dropped, spread side doYim, into the dish of undiluted stain. It was 
important to avoid drying of the spread before it reached the stain, 
and yet to escape using tissue that was too moist. When the tumor 
was so moist that the cells did not stick to the coverglass, the piece of 
tumor was placed on filter paper imtO some of the serum drained 
away, or it was cut up with small curved scissors into a soft pulp and 
a little of this dragged across the coverglass. In order to obtain 
spreads of the ectoderm cells the outer layer of the epidermis was 
removed and cut up into a pulp with a fragment of moist, normal 
subcutaneous tissue taken from a nearby region. 

A number of moist spreads were dropped into the same dish of 
stain where they were left from i to lo minutes, or even longer, pro- 
vided the dish of stain was covered to prevent evaporation. How- 
ever, when it was not convenient to stain all of the spreads at once 
some of them were dropped into methyl alcohol where they were 
kept until needed. The coverglasses were removed one by one from 

* Received for publication April 25, 1932. 
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trophied nuclei of the malignant cells became deep blue and the 
nucleolus bright red. Giemsa’s stain was an excellent one, except 
that the ingested material, the granules of the polymorphonuclear 
leucocytes and the granules of the epithelioid cells, were all stained 
red and so not easily differentiated from one another. 


In the earliest tumors studied (48 hours) neither the spindle cell 
nor the macrophage exhibited marked hypertrophy, although the 
nuclei of many of the spindle cells were already somewhat granular. 
Both types of cells frequently contained a number of purple granules 
so that they were not so strikingly different as in the larger tmnors. 

As the tumor increased in size the number of stellate cells (malig- 
nant cells) increased. These cells became much larger than the nor- 
mal connective tissue cells, their nuclei h3q)ertrophied and became 
granular and a diffuse staining material called myxomatous material 
became evident in the cytoplasm of a number of them. Most of 
these cells were free from the purple cytoplasmic granules, although 
even in the most advanced tumor examined occasionally a malig- 
nant cell was found with purple granules in the cytoplasm. 

Coincident with the increase in size of the tumor there occurred 


an increase in number of monocytes, hypertrophied monocytes, 
macrophages and epithelioid cells. The epithelioid cells became 
larger and the number of granules became greatly increased, so that 
m the large timers hypertrophied epithelioid cells with their cyto- 
plasm filled with the small purple granules were frequent. 

In an effort to gain an understanding of the nature of the small 
cytoplasmic granules many other types of tissue, including granula- 
tion tissue, rat and human tumors, and normal rat, rabbit and 
chicken sHn, subcutaneous tissue, spleen, fiver and lymph node, 
were studied by means of spreads fixed and stained with Wright’s 
ood stain. Wlule many monocytes, clasmatocytes and epithelioid 
cells were found m these tissues they did not exhibit the small purple 
granules charactenstic of the infectious myxoma of the rabbit. 

Thpv ^ ^ is has not been determined, 

^cy resemble bodies described as rickettsia in ske, location in ceUs 

have del! ” teactions, Lipschiitz daims to 

thiutv ^ ‘’’7 It possible 

!fle , “"‘“""I- “=“8 from the Mltra- 

embr!r% ”’I'f°matous colloid, for Lewis = found that 
embryo cells grown m a medium containing white of egg or 
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Rivers; nevertheless, the somewhat granular pink material lying at 
one side of the nucleus was readily identified. 

Aside from the stellate cells (myxomatous cells) the most striking 
characteristic of the tumor tissue, differentiated by the Wright’s 
stain, was the numerous, large, flat, granular epithelioid cells scat- 
tered through the dermal and h5T)odermal tissue, especially in the 
region of blood vessels. These cells contained many small granules 
stained pinkish purple that were quite different from the red gran- 
ules of the polymorphonuclear cells, the blue granules of the baso- 
philes and mast cells, or the greenish blue ingested material. The 
granules in the various epithelioid cells were of different sizes and 
shapes, although those present in one ceU were in general about the 
same size. In a single cell they varied from small round granules and 
short rods to more or less triangular-shaped granules. They were 
massed aroimd the centrosome at one side of the nucleus, from 
which they scattered out to more or less fill the cytoplasm of the cell. 
They exhibited appearances strikingly similar to the rickettsia 
bodies, Dermoceniroxmus Rickettsia or Rickettsia Prowazeki, but were 
more like the body Cowdry ® described in heart water disease as 
Rickettsia rumimnhm. These granules were present in cells of 
spreads prepared by the other methods described, but they were 
not so clearly differentiated by any of the other stains used as by the 
Wright’s blood stain. 

The cells which contained the granules belong to the group of 
hypertrophied and transformed mononuclear leucocyte (Lewis and 
Lewis’), and were usually of the epithelioid cell type, although the 
characteristically stained granules were also present in monocytes, 
hypertrophied monocytes, and macrophages. Other macrophages, 
containing ingested red blood cells and cellular debris, were often 
present in the same field. These cells contained some of the purple 
rickettsia-like granules, and the epithelioid cells occasionally had an 
ingested dead polymorphonuclear leucocyte, although as a rule the 
epithelioid cells did not contain ingested cellular debris. 

While Wright’s blood stain gave on the whole the most satisfac- 
tory results, some of the other methods differentiated some one struc- 
ture even more clearly — for instance — with Wolbach’s modifica- 
tion of Giemsa’s stain the myxomatous material in the stellate cells 
appeared as a large pink body within the surrounding blue cytoplasm, 
and by Auerbach’s method the chromatin granules in the hyper- 
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plasma became full of small, more or less even-sized granules called 
albumin granules. Hobbs suggested that the granular cells might be 
hypertrophied mast cells, but their differential staining with 
Wright’s blood stain shows that the granules are not similar to those 
of the polymorphonuclear or of the basophilic leucocyte. 

Whatever the nature of these bodies may be they were found to 
be characteristic of the many tumors of the infectious rabbit myxoma 
studied for a period of several years, and to be clearly demonstrated 
by means of moist spreads of the lesion fixed and stained by means of 
Wright’s blood stain. 
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SCIENTIFIC PROCEEDINGS OF THE 
THIRTY-SECOND ANNUAL MEETING 

OF THE 

AMERICAN ASSOCIATION OF PATHOLOGISTS AND 
BACTERIOLOGISTS 


Philadelphia, Pennsylvania 
April 28 and 29, 1932 



Voted to adopt as the topic for the symposium for 1933 the sub- 
ject of Pneumonia. 

Voted that no papers on lymphatic tumors be accepted for publi- 
cation in the American Journal of Pathology unless the tumors have 
been submitted to the Re^stry. 

Voted to meet in Washington, D. C., on May 9 and 10, 1933, in 
conjunction with the meetings of the Congress of American Phy- 
sicians and Surgeons. 



THE AMERICAN ASSOCIATION OF PATHOLOGISTS AND 

BACTERIOLOGISTS 

ABSTRACT OF BUSINESS SESSION 

Voted to elect the following officers for 1932-1933: 

President 

E. T. Bell 

Vice-President 

0 . T. Avery 

Treasurer 

F. B. Mallory 

Secretary 

Howard T. Karsner 

Incoming Member of Council 

N. C. Foot 

Assistant Secretary 

Robert A. Moore 

ABSTRACT OF MEETING 

OF THE COUNCIL 

Voted to elect the following new members: 

Donald C. Beaver 

James Watson Kernohan 

Virgil H. Cornell 

Frank W. Konzelmann 

Theodore J. Curphey 

George F. Laidlaw 

R. Philip Custer 

Samuel A. Levinson 

Vincent J. Dardinski 

John Loesch 

A. Hobson Davis 

John Franklin Noble 

Cornelia M. Downs 

Gorton Ritchie 

Marcos Fernan-Nunez 

Andrea Saccone 

Irving Graef 

Tom Douglas Spies 

Paul Henry Guttman 

Evan Lee Stubbs 

Charles H. Hitchcock 

M. Juanita Thompson 

Lloyd R. Jones 

Leslie T. Webster 

John W. Williams 

Voted to accept with regret the resignations of Dr. M. A. Barber 

and Dr. Channing Frothingham. 


Voted to record with deep regret the deaths of Dr. C. G. Bull, 
Dr. V. A. Moore and Dr. A. S. Warthin. 
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A Study ot Pathogen-selective Cultures in Relation to Vacctne 
Therapy. Fred Boemer and Myer Solis-Cohen (by invitation), Phila- 
delphia, Pa. 

Abstract. The SoUs-Cohen pathogen-selective method for preparing autogenous 
vaccines from mixed cultures is based upon the assumption that organisms 
capable of growing in the fresh, whole, coagulable blood of the patient are those 
which are most pathogenic for that individual. It consists of two simultaneous 
inoculations of the material to be cultured, one in a rich medium, such as Rose- 
now’s brain broth, and the other in the patient’s fresh, whole, coagulable blood 
in vitro. After a preliminary incubation of 24 hours, both cultures are examined 
and the organisms present in each are studied for identification. The organisms 
which appear in the blood are those selected to predommate in the vaccine. 
Four hundred pathogen-selective cultures from 150 patients were studied. In 
approximately one-third the results were identical in both the broth and the 
blood. In one-fourth only certain of the organisms present in the broth grew in 
the blood. In one-fourth none of the organisms present in the broth grew in the 
blood. In ii.s per cent the organisms that grew in the blood failed to grow in 
the broth, and would therefore have been missed by the ordinary methods of 
culturing. Streptococci and staphylococd grew most frequently in the patient’s 
blood, the hemolytic strains showing the highest percentage of the former 
and the aureus of the latter. Few of the Gram-negative cocci or of the non- 
pathogenic Gram-negative bacilli grew in the blood. 

The pathogen-selective method of culturing has also been found useful as an 
aid in isolating such organisms as the streptococcus from mixed infections and 
contaminated material. 


A Study of Bacterial Hyeersensitiveness, with Special Regard to Its 
Value as Indicating Pathogenicity, and with a Comparison of Cu- 
taneous, Intracutaneous and Subcutaneous Tests and of Their 
Relative V alues for Suggesting Appropriate Vaccine Dosage. Myer 
Solis-Cohen (by invitation), Philadelphia, Pa. 


Abstract. In a study of the reactions produced by intracutaneous injections of 
dead bacteria (with their soluble toxins) obtained from patients, those pro- 
duced by organisms that grew in the patient’s fresh, whole, coagulable blood 
in vitro Vi’ere compared with those produced by organisms that were killed by 
patient’s blood. No correspondence was observed between ability to grow 
in the patient s blood and ability to produce a reaction when injected intra- 
cutaneously. It may be inferred therefore that the intracutaneous skin test 
docs not differentiate organisms that are capable of infecting the patient from 
those against which he possesses good resistance, and consequently is not a 
reliable means of determining which organisms in a mixed culture should be 
included m a vaccine. 


A comparison of simultaneous intracutaneous and cutaneous tests with the 
same yacane showed both to be positive in 26 per cent of the cases, both to be 
negative in 10 per cent, and the intracutaneous to be positive and the cutaneous 
negative m 64 per cent, the former being 3 plus in 26 cases, 4 plus in 10, and 
5 plus in 4. In no case was the cutaneous test positive and the corresponding 
"much negative. The intracutaneous injection therefore furnishes 

than do« the cutaneous 

inoailation, which moreover cannot be regarded as reliable. 
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A Preuminary Report on the Effect of Shaking as Applied to the 
Vernes Test for Syphilis. Adelaide B. Baylis (by invitation), New York 
City. 

Abstract. In a series of loo selected specimens of blood serum the classical 
flocculation test of Vemes was carried out and, at the same time, a duplicate 
test on the identical specimens by a modified technique, in which the tubes were 
mechanically shaken for 15 minutes immediately after the addition of the pere- 
th)Tiol to the serum. The shaking was found to increase the sensitivity without 
evident danger of false positive reactions. Specimens giving a slight degree of 
flocculation in the classical test were found to give a more decisive result when 
shaken, some of them now giving no flocculation at aU, and others a higher 
reading which could be regarded as more definitely positive in character. Shak- 
ing did not alter the readings on the control tubes in any instance. 

The results indicate that physical agitation increases the opportunity for 
surface contact and reaction between the colloidal particles of the antigenic 
substance and the reagin of the serum, and suggest that analogous shaking may 
be of similar value in other serological reactions. 

Discussion 

(Dr. Reuben L. Kahn, Ann Arbor.) I was glad to hear the presentation by 
Miss Baylis on the problem of shaking in precipitation. WTien we first observed 
that shaking hastens the precipitation reaction in syphilis, we made quanti- 
tative studies of the effect of the speed and the duration of shaking on the re- 
action. We observed that when the shaking speed was excessively rapid or the 
duration too prolonged, there was a tendency for the precipitate to become 
emulsified, so that clear-cut particles would become indefinite. We observed in 
connection with our precipitation reaction that a 10 minute shaking period, for 
example, would often change a strongly positive reaction to a weak reaction. 
Since Miss Baylis speaks of shaking 15 minutes, it seems to me that perhaps a 
shorter period of time might give better results. 

(Miss Baylis.) In these experiments I started shaking at a period of from 
1 minute up to the entire period of 4 hours. From these preliminary studies, 
which are not reported, I was able to decide that shaking for 15 minutes gave a 
suitable reaction. After 15 minutes the reaction was rarely changed, and I also 
found in these tests that the shaking for 15 minutes sometimes served to change 
an otherwise indefinite result to a definite answer, either on the positive or the 
negative side, 

(Dr. Kahn.) I may say that is minutes shaking from a practical point of 
view is a difficult problem. Some workers consider the 3 minute shaking period 
in our test as too lengthy. 

(Miss Baylis, closing.) I may also add that I tried different speeds. 


S93 
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(Dr. Frank B. Lynch, PhUadelphia.) I should like to ask if any comparative 
tests were run on the cultures, using normal blood instead of the patient’s 

blood. , , 1 

(Dr. Ward J. MacNeal, New York City.) I should like to remark that the 

suggestion of the use of a patient’s blood as a culture medium to select from 
mixed material the organism pathogenic for that individual patient requires 
further evidence in order to support such a conclusive identification. I should 
like also to call attention to the fact that such a method is extremely helpful in 
attempting to obtain in cultures an organism which would otherwise be missed, 
and I fViink an outstanding example is Ducrey’s bacillus of chancroid, of which 
it is extremely easy to obtain a culture by using the patient’s blood or the bac- 
teriologist’s blood or sheep’s blood for the primary culture, but it is extremely 
difficult to obtain a culture without blood. 

(Dr. Solis-Cohen, closing.) First, in regard to the theory: about fifteen years 
ago in an endeavor to find out why the chicken and pigeon are immune to 
pneumococcic infection, while the mouse and rabbit are susceptible, the various 
known antibodies were studied by Heist, Solomon Solis-Cohen and Myer Solis- 
Cohen, to see whether they were present in the chicken and pigeon and not in 
the mouse and rabbit. It was found that the serum of a pigeon does not differ 
in its action upon pneumococci from the serum of a mouse or rabbit. In the 
whole, fresh, uncoagulable blood of the pigeon, however, a bactericidal factor 
was found present which is absent from the whole, coagulable blood of the 
mouse or rabbit. Later Matsunami and Kolmer, employing our method, found 
a similar bactericidal action against meningococci in the whole, coagulable 
blood of the resistant rabbit that was absent from the whole blood of the sus- 
ceptible mouse. Similar parallels were observed between the varying suscepti- 
bility of laboratory animals to other organisms, with the formation of the hy- 
pothesis that when small numbers of bacteria are planted in fresh, uncoagulated 
blood, only those bacteria grow and multiply which are pathogenic for the 
species from which the blood is drawn. Dpon this was based the assumption 
that organisms capable of growing in the fresh, whole, coagulable blood of an 
individual are those which are most pathogenic for him. 

In regard to the therapeutic results, Lowe of Liverpool published 100 cases of 
rheumatism treated by this method, and others have reported excellent thera- 
peutic results. 

As regards therapeutic controls, the hospitals are full of cases treated with 
vaccine prepared in the ordinary maimer. 

As regards skin controls, the organisms were not tested on normal people, but 
on their own hosts. 


Speaking about the pathogenic significance outside of the streptococci, I 
think this is illustrated very well in pyelitis and cystitis, conditions in which 
vaccine treatment is commonly of little value. Ordinarily the colon bacillus 
a one will grow in cultures from the urine, but when the urine is inoculated in 
coa^lable blood, in some cases the colon bacillus persists, 
u 1 c in other cases it disappears, and is replaced by streptococci or staphylo- 
coca, which also are present in cultures from the nose and throat of the same 

charted the colon baciUus from the feces which 
ihf. s mcdium was IdUcd off by theblood. This does not prove that 

it i<; growing in the blood are pathogenic, and the others are not, but 

It is vcr>’ suggestive. 
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Reactions from intracutaneous and subcutaneous injections of the same vac- 
cine were compared, those from the latter being divided into general, focal and 
local. The absence of general and focal reactions after intracutaneous injection 
makes one question the efficacy of this method for therapeutic administration. 
The intracutaneous injection was given as a test, prior to the therapeutic sub- 
cutaneous injection, the degree of reaction affording a guide in determining the 
appropriate initial therapeutic dose. In most cases the same dose was given 
intracutaneously and subcutaneously, but when the reaction from the former 
was very marked, a smaller amount was injected subcutaneously. In 6i per 
cent of the cases the reactions from the corresponding intracutaneous and sub- 
cutaneous injections were of equal intensity — in 13 per cent the intracutaneous 
was the more severe, and in 26 per cent the subcutaneous was the more severe. 
An initial therapeutic injection with dose based upon the reaction to a preceding 
intracutaneous test produced a reaction that was not severe in 87 per cent of 
the cases. The intracutaneous test may therefore be regarded as a fairly safe 
and accurate aid in determining the initial therapeutic dose, subsequent doses 
being satisfactorily determined according to the reaction produced by the 
immediately preceding subcutaneous injection. 


Discussion 


(Dr. Marcus W. Lyon, South Bend.) What are the therapeutic results ob- 
tained with these selective cultures? 

(Dr. Solis-Cohen.) They are quite good; they are much better in cases that 
have the vaccine over a fairly long period of time — more than four or five 
doses. We have obtained good results in asthma, in rheumatism, and in sinus 
mfections. The vaccine was often given before an operation on the sinus or 
tonsils, half the course before the operation and half afterwards, and the pa- 
tients did much better than those who did not receive the vaccine. In pyelitis 
and in many other conditions the results were quite favorable. 

(Dr. Max M. Strumia, Philadelphia.) Were any controls run in connection 
with the therapeutic applications, as well as the skin tests? 

(Dr. E. T. Bell, Minneapolis.) I should like to have Dr. Solis-Cohen explain 
a little more fully the basis of the assumption that the organisms that grow in 
the blood are the ones responsible for infection. One would expect to find im- 
mune bodies in the blood that would inhibit the growth of the organism 
responsible for a chronic infection. 


(Dr. E. C. Rosenow, Rochester, Minn.) I am rather puzzled over the large 
number of different varieties of organisms that are regarded as pathogenic and 
am wondering whether the method is considered sufficiently reliable to attach 
etiological significance to all of the various organisms that grow in the blood of 
any particular case, or only to some. The cause of different diseases is usually 
assumed to be one organism, and not a mixture. In our own work this assump- 
tion is borne out by the fact that with few exceptions only one organism, usually 
a streptococcus, localizes in animal tissues corresponding to those affected in 
the patient from whom isolated, following intravenous injection of primary cul- 
tures from various atria of infection. Specific vaccines prepared from the strains 
thus “proved guilty,” when given in appropriate dosage, have been helpful in 
many cases. 
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Discussion 

(Dr. B. J. Clawson, Minneapolis.) This work of Dr. Cannon’s brought out 
two very fundamental considerations: the first, that the mechanism of holding 
organisms at the point of the allergic area is probably due to antibody rather 
than to a mechanical mechanism, and the second, that if vaccine is applied to 
diseases where we want a general immunity, the intravenous method should be 
used, rather than the intracutaneous or subcutaneous methods. 

Phekomenon or Local Skin Reactivity to Bacterial Filtrates in the 
Treaticent oe Mouse Sarcoma i8o. Gregory Shwartzman and (by invi- 
tation) Nicholas Michailovsky, New York City. 

Abstract. The phenomenon of local skin reactivity to bacterial filtrates de- 
scribed by one of us (Shwartzman) in 1928 was later also reproduced in the liver, 
kidney (Shwartzman); testis, intestines, lymphatic glands, lungs, thymus, 
guinea pig Uposarcoma (Gratia and Linz); stomach (Karsner, Ecker and Jack- 
son) ; and knee joints (Moritz and Morley). It was elicited with a great variety 
of microorganisms (Shwartzman), and also with vaccine virus as the prepara- 
tory factor (Gratia and Linz), The animals in which the phenomenon was 
observed were rabbits, horses, goats (Shwartzman); and guinea pigs (Gratia 
and Linz). It could not be reproduced in mice and rats (Shwartzman). Assum- 
ing that malignant tumors may be of parasitic etiology (Gratia and Linz), it 
was thought that the hypothetical virus should then be capable of inducing a 
state of reactivity in the tumor tissue and thus render it susceptible to reacting 
factors in the blood stream. Five guinea pigs bearing liposarcoma were in- 
jected intravenously with B. coli culture filtrate. Two guinea pigs which died 
24 hours later and two killed 48 hours later showed at autopsy hemorrhagic 
lesions in the tumor tissue and no lesions in other organs. The fifth guinea pig 
was left alive for further observations. Guinea pigs were selected because of 
their susceptibility to the phenomenon of local skin reactivity to bacterial fil- 
trates. 

Since it was deemed important to determine whether or not this phenomenon 
could be reproduced in transplantable tumors in mice the effect of bacterial 
filtrates upon Mouse Sarcoma 180 (Crocker Institute) was studied by the 
authois. This strain of sarcoma was selected on account of its high growth en- 
ergy' and malignancy . The bacterial filtrate employed was of high phenomenon- 
producing potency, as previously determined in rabbits (Shwartzman), namely 
“agar washings” filtrate of Meningococcus 44 D group I (fe., filtrate ^1700 
containing 1350 reacting units per cc.). 

By' means of single or repeated intravenous or intraperitoneal injections of 
tliis filtrate, it was possible to elicit prompt severe hemorrhage in Alouse Sar- 
coma 180. The first appearance of the effect resembled very closely the phe- 
nomenon of loc^l skin reactivity to bacterial filtrates. The hemorrhage brought 
alwut progressive damage of the tumor, which was followed either by complete 
elimination of the tumor and healing in a high percentage of mice, or by a strik- 
ing regression with further slow reappearance of tumor growth. The effect upon 
t e tumor appeared to be selective, inasmuch as the intravenous and intraperi- 

onca injections of tlie filtrate produced no hemorrhagic lesions in other organs 
01 the mouse. 
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Dr. Lynch asked if the work was done with normal persons as well as with 
these patients. I reported before this Association eleven years ago concerning 
large groups of normal persons who were tested with colon bacilli, streptococci 
and meningococci. The meningococcus from the spinal fluid of patients with 
cerebrospinal meningitis grew in most of the bloods of the people tested, but the 
meningococcus from the throats of carriers grew in only a few individuals, the 
conclusion being drawn that the spinal fluid strains of meningococci are much 
more virulent for man than are the carrier strains, and that the minority of men, 
whose blood permits the rapid growth of carrier strains, are more likely to de- 
velop meningitis after exposure to a carrier. Dr. Heist, who did the work, found 
that the carrier strains always grew in his own blood, which he used as a control. 
Before the paper was read. Dr. Heist died of meningococcic meningitis, despite 
all efforts to save him. 

The Relation oe Sensitization of the Flagella and Somata of the 
Typhoid Bacillijs to Phagocytosis. Stuart Mudd, Balduin Luckfi, 
and Max Strumia, Philadelphia, Pa. 

Abstract. Antityphoid sera containing both somatic and flagellar agglutinins, 
and sera containing either only somatic, or only flagellar, agglutinins have been 
tested for their power to promote, in vitro, phagocytosis by macrophages and 
polymorphonuclear leucocytes. The somatic antisera were prepared by in- 
jection into rabbits of an aflagellate variant of the typhoid bacillus (strain 
o 901) ; the flagellar antisera were prepared by adsorption of the complete anti- 
sera with the aflagellate variant. All three types of sera were found capable of 
promoting phagocytosis of typhoid bacilli both by macrophages and by poly- 
morphonuclear leucocytes. Digestion of the t3T3hoid bacilli occurred rapidly 
■within both types of phagocytes. Such digestion unless adequately taken into 
account may lead to fallacious results in phagocytosis studies. From this work 
it appears that the tendency in the literature to regard flagellar antibodies as 
of no value as defensive factors is im warranted. 

Local Immunity and the Local Formation of Antibodies. Paul R. Cannon 
and (by invitation) F. L. Sullivan, Chicago, 111. 

Abstract. Evidence is submitted suggesting a correlation between locally in- 
creased resistance, local mobilization of cells of inflammation, particularly 
macrophages, and local formation of specific antibodies (agglutinins). 

Rabbits were injected repeatedly intracutaneously in the same area with a 
formolized vaccine of B. paratyphosus B. At various intervals this area, a cor- 
responding area on the opposite side, blood serum, liver, spleen, and other 
organs were extracted under comparable conditions with glycerol-saline solutions 
m order to determine the relative concentrations of agglutinin. 

Specific agglutinins were found in relatively high concentration in the locally 
treated area before they could be detected in significant amounts in the blood 
semm or in other organs. Non-specific inflammation in the skin of the opposite 
side of an animal locally vaccinated did not lead to a concentration of anti- 
bodies in the inflamed area. 

These findings tend to substantiate the view that a locally increased resistance 
may be obtained by measures which secure a local concentration of phagocytes 
and specific antibodies. 
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Therapeutic Application of Bacteriophage in Staphylococcus Bac- 
teremia. W. J. MacNeal and (by invitation) Frances C. Frisbee, New 
York City. 

Abstract. A bacteriophage highly potent against staphylococci found in in- 
fections of the blood stream has been used for treatment of staphylococcus 
bacteremia, chiefly by intravenous injection, but also by local application to 
wounds and by subcutaneous injection. In a series of fifteen patients there have 
been eight deaths and seven recoveries. The treatment is not a simple matter, 
and the course of the disease leading to recovery is prolonged and beset with 
many dangers which may be fatal. The careful and intelligent use of bacterio- 
phage may be expected to assist somewhat in the treatment of this very grave 
condition. 


Discussion 

(Dr. Max B. Lurie, Philadelphia.) Was the effect of the bacteriophage used 
in these cases tested on the staphylococci isolated from the blood of the patients? 

(Dr. Reuben L. Kahn, Ann Arbor.) I might mention in this connection that 
v/e have had at the University of Michigan Hospital at Ann Arbor six cases of 
staphylococcus septicemia with multiple abscesses, three of which recovered 
following bacteriophage therapy. One did not completely recover; this was a 
girl i6 years old who developed osteomyelitis. We have also tried the use of 
bacteriophage in the treatment of osteomyelitis. A report based on ten cases is 
to appear soon. The conclusions of the surgeons seem to be that when the 
osteomyelitis is due to a pure culture of staphylococcus %vith freedom from 
other organisms, such as B. pyocyaiieus and streptococci, the effect of bacterio- 
phage is favorable. 

Another point of interest is that in chronic cases of osteomyelitis (as shown 
by Albee) we have found bacteriophage in the wounds, especially with the 
Orr closed wound method of treatment. Some have expressed the likelihood 
that the therapeutic effect that Orr believes takes place as a result of his 
method of treatment might be due to the presence of bacteriophage. I think, 
as Dr. MacNeal pointed out, that while one cannot be over-enthusiastic about 
this method of treatment, yet, in a condition as severe as staphylococcus sep- 
ticemia, especially with multiple abscesses, the use of bacteriophage would 
seem justifiable. 

(Dr. Gregory Shwartzman, New York City.) Between 1923 and 1927 , 1 was 
very much interested in the therapeutic application of bacteriophage. We di- 
vided our cases into two groups, those receiving the bacteriophage intrave- 
nously, and those receiving it locally. As Dr. MacNeal pointed out in his charts, 
the intravenous injections have very unpleasant effects. They invariably pro- 
duce chills and rather severe shock. These effects may be attributed to the 
presence of a great deal of toxic substances in the bacteriophage culture. 

I think that the outcome of the staphylococcus septicemia depends very 
much on the focus from which it originates. I agree with Dr. MacNeal that 
staphylococcus septicemia, following osteomyelitis, is usually fatal, but some 
staphylococcus septicemias originating from phlebitis may improve spontane- 
ous y. Some time ago, we had a case of extremely severe staphylococcus septi- 
cemia following a phlebitis of the uterine veins. The patient recovered, however, 
without any treatment. 
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Although there appeared to be a close resemblance between this reaction and 
the phenomenon of local skin reactivity to bacterial filtrates, it does not neces- 
sarily mean that a virus must be responsible for the state of reactivity of the 
tumor cells to reacting factors introduced via the blood stream. Studies on 
other possible explanations are on the way. Observations reported are considered 
of interest because there appears to be a remarkable selective destruction of a 
tumor which is of a high malignancy and of rapid growth, and which shows 
spontaneous regression only very rarely, and also because being obtained in 
mice, these observations offer an opportunity for further studies on the relation 
of the “phenomenon of local skin reactivity to bacterial filtrates” to problems 
of tumor growth. 

Discussion 

(Dr. Howard T. Karsner, Cleveland.) There is in this reaction a series of in- 
teresting changes demonstrated by the microscopic examination of tissues, 
which may perhaps throw some light upon the nature of the process. In our 
work on the rabbit stomach, and that of Dr. Moritz and his associates on the 
rabbit knee joints, we were impressed by the fact that the inflammation pro- 
duced does not differ from the ordinary exudative variety of inflammation ex- 
cept that the amount of hemorrhage is striking in all situations. This leads one 
to suppose that damage to the blood vessels is severe. The anatomical demon- 
stration of that damage to the blood vessels is difficult, but in the rabbit knee 
joint it is possible to show actual necrosis of the waUs of the vessels. These 
examinations were made on animals treated in the regular way by injection 
under the skin, and then subsequently by intravenous injection. The first in- 
jection in the skin or other tissues produces of itself, apparently as a result of 
the irritative nature of the filtrate, a slight degree of inflammation, and this is 
markedly augmented when the intravenous injection is given. If the key part 
of the picture is damage to the blood vessels, — and whether that can be demon- 
strated morphologically after the first injection or not seems to be of little 
si^ificance, — the fact that in some situations we can observe after the second 
injection actual damage to the blood vessels, and the further fact that hemor- 
rhage is a prominent part of the reaction, leave no ground for doubt that vascu- 
lar damage is severe, whether microscopically demonstrable or not. A sarcoma 
^ a richly vascularized tumor, and it would seem, in these examples which 
Dr. Shwartzman has shown to us, that the damaging effect of the filtrate on the 
vessels has led to a profound hemorrhage, interference with the nutrition, and 
a consequent regression of the tumor. Since there is some interrelation between 
this reaction and the action of mocassin venom, the question naturally arises 
as to whether or not snake venom would have an effect upon the mouse sarcoma 
Shwartzman filtrates. 

(Dr. Shwartzman, closing.) I only want to say in reply to Dr, Karsner that 
ms suggestion to study the effect of snake venom is very interesting. However, 
the striking feature of the results reported is the selective effect of the meningo- 
coccus filtrate upon sarcoma i8o, while the snake venom would presumably act 
as a general vascular poison. Of course, on the other hand, it is possible that 

0 tumor blood vessels may prove to be more susceptible than the normal blood 
vessels to any vascular poison. 
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years ago, called attention to the influence of bacteriophage in the Orr treat- 
ment of osteomyelitis, and I think the bacteriophage has been used as a roulMe 
by Dr. Albee in the past three years; I thought it was unnecessary to mention 
that. 

About the question of the shock, I think part of the shock may be due to 
foreign protein and on account of that we have eliminated the use of the broth 
preparation in intravenous work. We are now using a preparation which is 
almost completely protein-free. This does not give any shock in animals not 
infected with staphylococcus, and it does produce an effect in animals which 
are infected with staphylococcus. We are of the opinion that this agent is with- 
out a shocking effect on persons without a staphylococcus infection. A person 
who has a staphylococcus blood stream infection gets a shock. In our experi- 
ence, one has to push the dosage of the phage to the point of shocking the patient 
to get favorable results. I do not think it is necessary to cause a chill for forty 
minutes; that is too long, but we feel our way carefully until we get a rise in 
temperature or a chill, or both, and then we pause to let the patient rest, but not 
too long, because the bacteria have usually not been eradicated, and we must 
begin with the phage again after a brief rest. 

The question of the use of the other agents which were mentioned, foreign 
proteins; I must confess I would welcome any particulate agent that could be 
used in the treatment of bacteremias with such microorganisms as staphylococci 
and streptococci, and that would bring about a reaction from which recovery 
might result. Anyone who utilizes fatally stricken human beings as experimental 
animals (and that is what we are doing) gets a sort of clinical view in which he 
desires to get the patient well. I suppose that is unscientific, but if any one 
would show me that the injection of milk would get a person with bacteremia 
well, I would be glad to use it. In our experience four years ago we hoped that 
a coccemia would turn out to be a streptococcus bacteremia, because we thought 
there was some hope of the patient’s recovering spontaneously, whereas with 
the staphylococcus we had very little hope. Now we hope it will be just the 
reverse. We think we have changed the prognosis a little bit. One of the prom- 
inent surgeons in New York, Charles Gordon Heyd, President of the State 
Medical Society, told me that the use of staphylococcus bacteriophage has 
altered the prognosis of postoperative infections. 

Corneal Reactions to Bacterium: Granulosis and Other Microorgan- 
isms. P. K. Olitsky, R, E. Knutti and (by invitation) T. R, Tvler, New 
York City. 

Abstract. In an attempt to simulate in animals human trachomatous pannus, in- 
tracorneal inoculations of 14 varieties of bacteria and various other materials 
u ere made. The cornea of the rabbit was found to be highly sensitive to the 
action of injected bacteria. The lesions varied from insignificant transient 
changes to severe, destructive panophthalmitis. Animals that received the 
same organism showed like changes. Only Bacterium granulosis induced early, 
uncompleted and enduring lesions which resembled human trachomatous 
pannus. This effect was similar in rabbits and in monkeys. 

Discussioji 

Rosenow, Rochester, Minn.) I should be interested to know 
■hether the culture of B. granulosis which had specific effects had been under 
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In view of the unpleasant consequences of intravenous bacteriophage therapy, 
we gave it up entirely and studied only the local effect of bacteriophage. Inas- 
much as there is no bacteriophage for pyogenic streptococci, its application is 
limited only to staphylococcus and B. coli infections. The staphylococcus in- 
fections seem to yield quite well to the local application of bacteriophage. 
Pyelitis is another lesion w'hich also seems to be influenced favorably by the 
bacteriophage if the treatment is kept up consistently for a certain length of 
time. There remains the question whether or not the effects obtained are due 
to the bacteriophage as such, or to the bacterial toxic substances included in the 
filtrates. I think that the local and general vaccination induced by the use of 
such filtrates plays a more important role than the lytic effect. In support of 
this point of view is the fact that in most instances cultures obtained from the 
bacteriophage treated wounds may grow quite profusely and prove to be re- 
sistant to the bacteriophage, in spite of the fact that the patients are doing 
better. One is more inclined, therefore, to the view that the effects are due 
either to the stimulation of the natural defense mechanism, or, as Dr. MacNeal 
thinks, to a change in the bacteria themselves, possibly in their antigenicity and 
pathogenicity. 

(Dr. Preston Kyes, Chicago.) It seems to me that consideration of these 
clinical results following the intravenous injection of bacteriophage raises, at 
once, the question of the specificity of the reactions induced. 

It is well established that the intravenous injection into man of particulate 
matter, or of reagents which induce the intravascular formation of particles, 
provokes the t3q)e of chill reaction seen in the cases reported. It is also recog- 
nized that when such non-specific reactions are provoked, they may be attended 
by a profound modification of an existing infection. I see nothing in the results 
reported in this particular paper which has not been claimed by those who have 
used intravenous injections of mUk, of raw serum, of peptone, of suspensions of 
Wiled heterologous bacteria, and so on in the non-specific treatment of general- 
ized infections. 

Without questioning the favorable clinical results in the group of cases pre- 
sented, I W’ould question the deduction that the action of the bacteriophage in 
thwe cases is sho^vn to be that of a specific reagent. 

, MacNeal, closing.) Obviously the paper was considerably abbreviated 
m presentation, and I hope you will take that into consideration. 

In regard to the assumption of specificity of the bacteriolytic agent for the 
acteria, that was not based on the behavior of the patient, but on test tube 
instance a culture of the staphylococcus was treated by 
the bacteriophage, and the culture was completely sterilized bj*^ it in the test 
ube, so we have evidence that there is some reaction between the bacteriophage 
the microbe. It seems to me that nobody who is familiar with the work of 
t^ratia can doubt that there is an agent effective against staphylococci. I had 
assumed I could pass over that. We have insisted in each instance that a cul- 
be tested out against bacteriophage in the laborator>’, and so far, in 
^ bacteremias, we have not come across one which is not sus- 

ceptible to that agent. The thing I wish to discount is the assumption that 
sue 1 a phenomenon necessarily occurs also in the human body. I do believe, 

iow e\er, that some part of this influence mav remain active in the body of the 
patient. 

In regard to the osteomyelitis cases. I may say I purposely omitted any dis- 
cussion of chronic osteomyelitis. I think ]Miss Patterson and Dr. Albec, some 
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show that the membrane contains no fibrin. A high percentage of the mem- 
branes studied contain fat in large amounts. It was possible to produce char- 
acteristic “hyaline” membranes in the lungs of dead aninaals subjected to force- 
ful artificial respiration ■while autolyzed purulent material was being injecte 
into the trachea. From histological and experimental studies, it is concluded 
that the membrane is formed by the mechanical action of forcefully inspired aur 
upon a viscous material in the air spaces. The viscous material is pressed 
against the alveolar walls in membrane formation and surrounds bubbles of 
entrapped air. Under similar mechanical conditions of dyspn^ in the presence 
of semifluid material in the air passages, membranes identical in form and 
position, but not in staining reactions, may be found in a variety of circum- 
stances. The composition of such membranes depends upon the material which 
happens to be in the air spaces at the time. The term dyspmal membrane is 
suggested as the most descriptive and appropriate designation for this histo- 
logical picture. 

Discussion 

(Dr. George R. Callender, Washington.) I should hke to ask Dr. Farber 
whether he found that the epithelial lining of the alveoli was or was not desqua- 
mated beneath this membrane. 

(Dr. Farber.) We have found necrotic alveolar walls with desquamated 
epithelium in some cases, but more often the walls were intact. 

(Dr. Callender.) The reason I asked was that I felt in going over the in- 
fluenza lungs and also the lungs of ordinary pneumonia cases from the war 
period that early there was a rather thin exudate, and then following the desqua- 
mation of epithelium, a denser exudate was thrown out. I have also had some 
of the inspiration cases in babies, and in those occasionally have found small 
strands of fibrin, but as a w'hole, they were like those you have shown. 

(Dr. Farber, closing.) We have occasionally seen small strands of fibrin super- 
imposed on the membrane, but in those cases there was also a superimposed 
exudate. 


Cataphoretic Velocity of Streptococci and Pneumococci as Isolated in 
Studies of Acute Colds, Influenza and Pnteumonia. Edward C. Rose- 
now, Rochester, Minn, 


Abstract. The cataphoretic velocities of the streptococci and pneumococci 
isolated from nasopharynx, tonsils or sputum were determined by direct obser- 
vation under the microscope, in an electrical field of constant voltage, by noting 
the time required to traverse the unit distance of 50 microns, and are expressed 
in terms of microns per second, per volt per centimeter. 

The cataphoretic velocities of the streptococci or pneumococci, as isolated 
from the different groups, v.’cre determined over an extended period, before, 
during, and after an epidemic of influenza, and were found to vary roughly ac- 
cording to the different forms of infection of the respiratory tract. The strepto- 
coca or pneumococci isolated from the nasopharynx in cases of acute rhinitis 
had a veloaty chiefly of about 2.56 (rhinotropic) ; those from cases of acute 
pharyngitis chiefly of about 1.83 (pharyngo tropic) ; those from cases of influenza 
and influenzal pneumonia chiefly of about 1,83, 1.60, 1.42 and 1.28 (influenzal 

rEi n those from lobar pneumonia or croupous pneumonia 

chiefly of about 3.91 (pncumotropic). During the epidemic of influenza a large 
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cultivation on artificial media for a long time or whether it had been isolated 
shortly before from experimental animals. 

(Dr. N. W. Popoff, Rochester, N. Y.) In connection with the work of 
Watanabe on non-specific inclusions produced by various substances I should 
like to ask whether controls with heat-killed bacteria, bacterial filtrates, other 
bacterial toxins and human serum were used in his experiments. 

(Dr. Knutti, closing.) In answer to the question about toxins, no toxin has 
been demonstrated for B. gramdosis itself. There were no filtrates of B. granu- 
losis used; only the heat-killed organisms were injected intracomeally. 

In regard to Dr. Rosenow’s question, as to the source and age of these cul- 
tures: some of the cultures had been isolated from cases of trachoma up to two 
years before inoculation; others were fresh cultures. No difference in effect was 
discernible when old or young strains were injected. 

Report of the Lymphatic Tumor Registry for the Year 1931. George R. 
Callender, Washington, D. C. 

Abstract. During the first four years, 1925-1928, inclusive, 100 cases were re- 
ceived; during the fifth year, 50 cases; during the sixth year, 85 cases, and during 
the last, or seventh year (1931), 60, making the present total 295 cases. 

Of this group of 295, 50 are not lymphatic tumors. A considerable number 
of the cases are not entirely suitable for study because either inadequate ma- 
terial, tissues and blood smears, or inadequate data, have been furnished. Ap- 
proximately 65 per cent are of some value for study, but only about 50 per cent 
of the total number have sufficiently complete records and adequate material. 
Because of poor follow-up, the most valuable cases from the standpoint of the 
Registry have been completed cases in which history is adequate, autopsy has 
been done and material furnished from the biopsy, autopsy, or both. Informa- 
tion with reference to radiation treatment, its kind and effect, is very meager. 
YTiat few data have been accumulated indicate that the reaction of the tumor 
to radiation is of considerable importance. 

It is believed that the members of this Association can find many cases in 
their files which are complete and the Committee urges that as many of such 
completed cases be sent to the Registry as possible, irrespective of whether they 
offer difficulties in diagnosis or not. The Committee further recommends that 
Do case or cases of lymphatic tumors be accepted for publication in the American 
^urnal of Pathology unless these cases have been placed in the Lymphatic 
umor Registry. A study of certain groups of the tumors is presented as a part 
0 this report. It will be published in a later number of the Journal. 

On the Nature of the “Hyaline” Membrane in the Lungs. Sidney 
Farber, Boston, Mass. 

Abstract. A study was made of the occurrence, composition, and mechanism of 
onnation of the hyaline membrane, which has been generally considered pathog- 
nomonic of influenzal pneumonia. Membranes, indistinguishable in appear- 
ance and staining reactions from those seen in influenza, were repeatedly found 
^ lungs of young children, usually in association with streptococcus bron- 
c opneumonia. No evidence of influenza could be found in these cases. Identi- 
^ membranes were seen in the mediastinum in the presence of mediastinal 
emphysema and mediastinitis, and in the lungs of newborn infants who had 
aspirated amniotic sac contents after intrauterine asphyxia. Staining reactions 
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pig or rabbit after death. The dead animals were kept at room temperature 
(25 to 30° C) for periods of from 5 to 48 hours before autopsying and culturing. 
The temperature of the morgue (40° F) in which the human bodies are kept 
after death prevented invasion of these organisms throughout the animal body 
even after 72 to 96 hours. An analysis of our observations made upon human 
necropsies indicates that there is no significant difference in the bacteriological 
findings of necropsies cultured within 9 to 48 hours after death from those cul- 
tured within the first 4 hours. Therefore, postmortem invasion is not a factor 
in accounting for the presence of bacteria within the organs and body fluids in 
this group of necropsies. 

Our observations reveal that certain organs contain a greater frequency of 
bacteria than do other organs. It is observed that cultures from the liver and 
kidneys contain a significantly greater number of bacteria than cultures ob- 
tained from heart blood. Heart blood cultures alone are not a true indication 
of the bacteriological flora of the body at necropsy. Postmortem cultures of the 
lungs are of little value unless there is a structural alteration that is associated 
with a known type of bacteria. 

Further analysis of the data is in progress and will be reported in full at a later 
time. 


Discussion 

(Dr. Ward J. MacNeal, New York City.) Your icebox temperature was 
40° Fahrenheit? 

(Dr. Bum.) Yes. 

(Dr. M. A. Kugel, New York City.) About three years ago Dr. E. Z. Epstein 
andT became interested in the significance of postmortem bacteriology. This 
study was carried out under the direction of Dr. Gregory Shwartzman. Our 
series was not as large as that of Dr. Bum. We examined at postmortem the 
blood from the inferior vena cava, the bone marrow, the heart muscle and heart 
valves in sixty-six cases, and were surprised at the high frequency with which 
organisms were recovered from these sources. This was contrary to previous 
findings by other workers, but the work of Dr. Bum bears out most of our 
original observations. 

Our soUd media cultures showed little or no growth. However, the material 
in enriched fluid media aerobically and anaerobically usually gave good results. 
On the basis of our studies we came to the following conclusions: 

1. That no significance can be attached to the recovery at necropsy of such 
organisms as streptococcus alpha, streptococcus gamma, enterococcus, staphylo- 
coccus aureus, coh and pyocyaneus bacilli, unless the same organism has been 
recovered during life. 

2. \\flien we found unusual organisms at postmortem examination, they were 
of significance. 

3. If we had an individual who, during life, had a specific infection, such as 
pneumonia, and so on, we usually recovered the infecting agent in pure culture 
at postmortem. 

(Dr. Is. W. Popoff, Rochester, N. Y.) How long do you keep your cultures 
before you consider them negative? From the experiments by Truffi on the 
development of pathologic organisms in dead tissues it is evident that both arti- 
™tnunization against particular microorganisms prevents or 
retards the growth of sucli organisms in tissues, and that it is only after destruc- 
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proportion of normal persons and patients suffering from chronic systemic 
diseases became carriers of streptococci having influenzal or bronchotropic 
velocity, whether exposed to influenza or not. 

The Production oe the “G” Type Colonies of C. Diphtheriae, Park 
No. 8 Strain. Harry E. Morton (by invitation), Philadelphia, Pa. 

Abstract. Organisms resembhng C. diphtheriae in morphology were obtained 
from Berkefeld or Chamberlain filtrates of the Park 8 strain by (i) cultivation 
of diphtheria toxin (confirming Hauduroy’s work) ; (2) allowing broth cultures 
to evaporate to dryness, redissolving in sterile distilled water and filtering (con- 
firming the work of Smith and Jordan) ; (3) forced dissociation by the presence 
of LiCl in the culture media (the method employed by Hadley and Richard- 
son) ; and (4) serial passage in acid broth. 

The “G” colonies, which are the first visible colonies obtained during the 
cultivation of the filterable form, may be visible only by means of the low power 
objective of the microscope or a hand lens magnifying fourteen times. They 
are at first made up of extremely short rods, some Gram-positive, some Gram- 
negative, and some Gram-negative containing Gram-positive granules. Upon 
continual cultivation on suitable media more and more of the rods became 
Gram-positive, increased in size to that of the normal diphtheria bacillus, and 
assumed the various characteristic involution forms and groupings. Fermenta- 
tion reactions of the “G” forms varied greatly. The only suggestion of viru- 
lence was the development of paralysis in guinea pigs in about one month after 
inoculation with “G” type culture. 


Discussioji 

(Dr. Joseph D. Aronson, Philadelphia.) I should like to ask whether or not 
any neutralization experiments with diphtheria antitoxin were carried out with 
this organism. 

(Dr. Morton, closing.) No antitoxin was added to any of these emulsions. 

Observations concerning Postmortem Bacteriology. Casper G. Burn 
(by invitation), New Haven, Conn. 

Abstract. An investigation has been in progress during the past two years con- 
cerning the postmortem flora of the human body. Up to the present time there 
are no data available which permit an evaluation of postmortem bacteriological 
findings, either from the point of view of general biological interest, or of possible 
correlation of ante mortem bacteriology. 

This report is a study based upon observations made from 300 unselected 
necropsies. Both aerobic and anaerobic methods were employed for cultivation 
of bacteria from the organs and body fluids. 

The results indicate that the organs at necropsy contain a high frequency of 
bacteria. The strains of bacteria isolated consisted of a variety of potentially 
pathogenic organisms. B. coli, staphylococci and streptococci were the pre- 
dominating groups of bacteria isolated from the organs. Since these organisms 
are common inhabitants of either the respiratory or intestinal tract, they may 
be considered as postmortem invaders. Experimental studies pertaining to this 
phase of the problem indicate that B. Welchii, B. coli and staphylococci were 
the only bacteria that successfully invaded throughout the body of the guinea 
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The physiological effects on the hematopoietic organs from acute infection, 
therefore, seemed to be the opposite of the action of liver extract, and this may 
possibly explain the mhibitory effect of infection on the action of the material 
effective in pernicious anemia. 

Further Studies on Experhjentae Leprosy and the Cultivation of B. 

Leprae. Earl B. McKinley, Washington, D. C., and Malcolm H. Soule, 

Ann Arbor, Mich. 

Abstract. Recent work on the cultivation of Mycobacterium leprae and the pro- 
duction of experimental lesions in monkeys with both fresh leprosy tissue emul- 
sion and cultures of the organism isolated from leprosy tissue is reviewed. Since 
previous reports the cultures of M. leprae have been carried through a total of 
twelve generations and are now in the thirteenth. The organism has been under 
artificial cultivation for over one year and has shown no tendency to grow with 
greater ease, but on the contrary is growing with increasing difficulty. A hor- 
mone glycerol agar has continued to be the most satisfactory medium for growth 
of the leprosy bacillus, and a gaseous tension of lo per cent carbon dioxide with 
40 per cent oxygen has proved most satisfactory. Various vegetable and amino- 
acid mediums have been employed without success. Cultures from the ninth, 
tenth, and eleventh generations have been tested by intradermal inoculation 
in older monkeys than formerly employed, and either these animals are re- 
sistant to the infection or our cultures have lost in virulence on artificial media. 
Serological data dealing with complement fixation and agglutmation are pre- 
sented, as well as a discussion concerning the mechanism of infection in leprosy 
in human beings and under experimental conditions. 

Discussion 

(Dr. Joseph D. Aronson, Philadelphia.) In association with the late Dr- 
Paul A, Lewis a serological study was carried out on the serum of leprous pa- 
tients hospitalized at Carville, La. We found that the serum from these pa- 
tients gave a positive complement fixation reaction with antigens prepared from 
the Duval, Kedrowsky and the Clegg strain of M. leprae. On the other hand, 
serum from tuberculous individuals, as well as from tuberculous guinea pigs and 
goats, reacted only with antigens prepared from the Duval and from the 
Kedrowsky strains, which arc non-chromogenic and resemble culturally the 
avian tj^pe of tubercle bacilli, but failed to react wuth the Clegg strain, which is 
chromogenic. By means of absorption experiments Dr. Furth showed that the 
non-chromogenic Duval and Kedrowsky strains were antigenically identical 
with the avian type of tubercle bacillus. Since that time we have found that 
tuberculin prepared from these strains produces a positive tuberemlin reaction 
when injected into the wattle of tuberculous chickens, and in tissue tmlture the 
growth of spleen and bone marrow from tuberculous chickens is inhibited; 
xvhercas tuberculin prepared from the Clegg chromogenic strain fails to produce 
a tuberculin reaction in tuberculous chickens and does not inhibit the growth 
0 c.xplants ^om tuberculous chickens. I should like to know how the culture 

iMlitcd by Drs. McKinley and Soule differs from the Duval and Kedrowsky 
strains. 

^®sing.) A-S I said, our experience on the serological side is 
1 k ^ ^one any more work than is indicated in our report 

lo-oay. \\c have not compared this strain serologically with the Duval or 
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tion of antagonistic substances that the microorganisms begin to grow without 
restriction. Have you noticed in your studies any difference as to the time of 
appearance and character of the growth in cadaverous tissues from individuals 
with a history of naturally or artificially acquired immunity toward particular 
organisms? 

(Dr. Edwin F. Hirsch, Chicago.) In the routine examination of brains it is 
common to find multiple cystic cavities, and we look upon these from the prac- 
tical standpoint as due to postmortem invasion of the brain by gas-producing 
bacteria, and do not attach particular significance to them. Is this Dr. Bum’s 
experience? 

(Dr. Joseph Aronson, Philadelphia.) I should like to ask Dr. Bum whether 
there is a relation between the bacterial flora and the pathological changes in 
the organs. 

(Dr. Burn, closing.) Concerning the length of time that we retain cultures, 
we always keep them at least two weeks before discarding. Due to the large 
number of cultures made at each necropsy and the frequency of necropsies, it is 
essential to discard them for the purpose of obtaining incubator space. 

Since our studies are incomplete in many ways, we cannot answer directly 
the question pertaining to antibodies in the organ at necropsy. 

In regard to the relation of postmortem invasion to cysts found in the brain 
at necropsy, we have recently cultured twenty brains; but have found bacteria 
present in only four instances. The strains isolated were chiefly streptococci. 

We have very frequently found bacteria in the organs without any evidence 
of histological changes within the organs. However, further study of our ma- 
terial will be necessary before anything definite can be said about this. 

Reticulocytes and Bone Marrow Changes in Pigeons after Infection 
AND THE Administration of Liver Extract. Gulli Lindh Muller (by 
invitation), Boston, Mass. 

Abstract. To obtain some possible explanation for the failure of an adequate 
reticulocyte response and improvement after the administration of substances 
effective in pernicious anemia, to pernicious anemia patients suffering from in- 
fection, the following experiments have been carried out on pigeons, an animal 
peculiarly susceptible to the potent material. Groups of pigeons under stand- 
ard laboratory conditions were given (a) staphylococcus aureus infection intra- 
muscularly, (b) liver extract 343 (N. N. R.) by mouth, and (c) both infection 
and liver extract. 

After infection alone there was, as a rule, during the height of the reaction, 
a drop in the reticulocytes from the normal level followed by an increase above 
normal during the period of convalescence. Active mitosis was observed in the 
red as weU as the white blood cells of the bone marrow after 24 to 48 hours, and 
about the fifth to seventh day the red blood cell centers had increased enor- 
mously, indicating that infection, directly or indirectly, stimulates red blood 
cell formation. 

Normal pigeons fed liver extract showed a characteristic reticulocyte response, 
but the bone marrow showed no extension of hematopoietic tissue, rather a 
decrease of hematopoietic activity as evidenced by a decrease of mitotic figures 
and a diminution in the number of megaloblasts, features observed also in pa- 
tients with pernicious anemia after liver therapy. 

Infection combined with the administration of liver extract resulted in a 
mixed reaction with the features of infection predominating. 
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cattle in various parts of the state. Almost all of the cultures from patients 
'with undulant fever, as well as those from cattle, were found to have the char- 
acteristics generally attributed to bovine strains. 

Discussion 

(Dr. E. M. Medlar, Mt. McGregor.) We have carried on for the past four 
or five years a rather extensive study of B. abortus infection in our dairy 
herd. We have also carried on a careful study in an attempt to increase the 
virulence of cultures we have in the laboratory. Some of these cultures have 
behaved very peculiar^ in that on an increase in virulence there has been a 
change in their agglutinability. I would like to ask the question whether it is 
possible at the present time to establish a clearcut distinction between the three 
types of B. abortus, the human, the porcine and the bovine. We are of the opin- 
ion that it is extremely difiicult. I wonder if the change may not be due to a 
change in the environment, either in vitro in the culture media, or in vivo in the 
cattle, pigs or human beings infected. Might this not bring about a change in 
the type of organism, so that we cannot say this is a porcine type, and this is a 
bovine type? 

(Miss Coleman, closing.) No attempt has been made to show that these types 
can be completely differentiated. Apparently it is very diflBcult to do so. The 
point which seems to be of particular interest is that practically all the strains 
we have isolated, whether from patients’ blood or cows’ mUk, have behaved 
similarly. Also, in so far as could be determined, they have the characteristics 
which have been attributed to the bovine type. WTiether or not the micro- 
organisms of the abortus-melitensis group can be definitely divided into distinct 
tjTpes or subspecies is, I believe, questionable. 

hlELiTENSis Meningo-Encephautis. G. H. Hansmann and (by invitation) 

J. R. Schenken, Iowa City, la. 

Abstract. The communication concerns a review of the localization of the 
Brucella group of organisms in the central nervous system. An organism of 
this group has been isolated from the spinal fluid of four cases. We have found 
no reference other than ours which deals w'ith a complete postmortem examina- 
nation. The localization may be a complication of a well marked clinical case 
of Malta fever, or it may be the only manifestation of the disease. Agglutinins 
may or may not be present in the blood. A mononuclear pleocytosis usually of 
less than 200 cells is an outstanding feature of the spinal fluid. Startling eva- 
nescent central nervous system symptoms such as diplopia, hemiplegia, para- 
plegia, convulsions, and so on, are common. Two of thirteen cases have proved 
fatal. ^ I he organisms may be regularly isolated from the spinal fluid if 10 cc. 
of fluid be used as an inoculum. The organism in our case was of the porcine 
variety. The pathological changes w’cre diffuse chronic meningo-enccphalitis 
v. ith a diffuse arteritis at the base of the brain, which led to a mycotic aneurysm 
of the basilar arterj,', A rupture of this aneurj’sm resulted in death. 

Discussion 

(Dr.^C A. Pons, by invitation, .Asburj- Park, N. J.) I want to report one 
case o, B. C'orlus meningitis obsera-cd last July in Asbury Park. There had 
teen an outbrc.ak of undulant fever from a dairy. The total number of cases 
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Kedrowsky strains. We have had many cultures of supposed B. leprae in the 
laboratory, but I cannot answer Dr. Aronson’s question on the basis of any 
specific differences antigenically. 

I should also like to mention that Dr. Wade, who was to give the next paper, 
and who is unable to be here, has brought from Vienna some chromogenic 
acidfast bacilli which Lowenstein discovered accidentally in his blood work in 
tuberculosis. Out of about 1000 cases he has seven which are acid-fast and 
chromogenic. This is the first instance I know of where a chromogenic acid-fast 
organism of the tjqje described in leprosy has been isolated from non-leprous 
human beings, and he has seven of them. I told Dr. Wade I would mention this 
work to-day. 

A Comparison of Typhus and Spotted Fever Rickettsiae in Tissue Cul- 
tures. Henry Pinkerton and (by invitation) G. Hass, Boston, Mass. 

Ahslract. By incubating infected tissue cultures at 32° C voluminous multipli- 
cation of both typhus and spotted fever Rickettsiae was obtained. 

Typhus Rickettsiae completely fill the cytoplasm of cells w'hich they infect. 
The infection spreads rapidly and by 14 to 21 days has involved practically 
every cell in the cultures. Large colony-like masses of organisms are found 
regularly in these typhus cultures. The organisms multiply only within cells, 
however, and the colony-like masses are found on careful study to be greatly 
enlarged cells distended with Rickettsiae. This condition remains constant as 
long ^ successful cultures of the cells can be maintained (up to 52 days in these 
experiments).^ T5T)hus Rickettsiae do not invade the nuclei of cells. 

A mild strain of spotted fever (the Reimann strain) has been studied by the 
same technique. In this disease also the majority of cells in the cultures become 
infected and the organisms multiply only within cells. Morphologically and 
tinctorially, spotted fever Rickettsiae differ only slightly from typhus Rickett- 
siae. Spotted fever Rickettsiae, however, infect the cytoplasm of cells only 
sparsely and irregularly, but multiply massively wthin nuclei. Similar intra- 
nuclear massing occurs in cultures of Rumreich’s eastern spotted fever. The 
intranuclear multiplication corresponds to that described by Wolbach in ticks 
mtected with spotted fever, but has not previously been seen in mammalian 
issues. The intranuclear clusters of spotted fever Rickettsiae are compared 
and contrasted with “inclusion bodies.” 

Comparison of the Incitants of Undulant Fever in Man and Contagious 
Abortion in Cattle in New York State. Ruth Gilbert and (by invi- 
tation) Marion B. Coleman, Albany, N. Y. 

Abstract. Epidemiological evidence has indicated cattle or dairy products to be 
St incitant of almost all of the undulant fever in New York, the 

a e from whici the largest number of cases was reported during 1930. Goats 
implicated and hogs could seldom be considered. Since certain 
nn ors have attributed the majority of infections in man, in the United States, 
ce strains of the abortus-melitensis group, to which cattle are also sus- 

at^ ^ ^ ^ study of cultures from patients in New York State is of interest. The 
beh ° ^®<iuirements, absorptive properties, pathogenicity for guinea pigs, 
jj ^ presence of dyes, and the fermentation reactions with carbo- 

i human strains were compared with those of representative cul- 

es obtamed from other laboratories and with those isolated from milk from 
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relation between tbe histological structure of the nodules in rheumatoid arthritis 
and in rheumatic fever. Last year we presented a more detailed study before 
the American Society of Clinical Investigation, further showing this relation. 
There is one point in which our studies do not correspond with those of Dr. 
Clawson. We were unable to obtain cultures of streptococci from the nodules. 
Of the organisms which we did obtain, one was a diphtheroid, and two were 
staphylococci. It was felt that these organisms probably represented contami- 
nations from the skin. 


“Sensitivixy” to Sotphydryl. Stanley P. Reimann, Philadelphia, Pa. 

Abstract. Local areas of the skin of the arms of 450 humans were painted once 
with I per cent alcohol solution of thiocresol and controlled on the other arm 
with^ I per cent cresol solution. Of these, 18 individuals reacted by the pro- 
duction of an itching rash. The same phenomena occurred in a group of mice 
and rats. 

Since the sulphydryl group is essential to cell division, it was thought that 
these individuals who are “sensitive” to this group are also “sensitive” to cell 
division phenomena. Adequate evidence on this point requires much more 
experimentation. In all probability, the reaction is allied to those by which dif- 
ferent individuals respond to chemical groups, according to their nature and 
position in complex molecules. 


Ker^xerus: Jaundice of the Nuclear AIasses of the Brain. H. M. 
Zimmerman and (by invitation) Herman Yannet, New Haven, Conn. 

Abstmct. ^mikterus is a condition of jaundice of various nuclear masses of 
c ^'=t'^res most commonly affected are the caudate, lenticulate, 

u a amic an ^ entate nuclei, thalaini, mammillary bodies, cornu ammonis 
fomations, nuclei of cranial nerves, olives, parts of cerebellar cortex, and an- 
posterior horns of the spinal cord. It is most frequently, if not ex- 

neonatorum, and its pathogenesis is 
some iiijury to the nerve cells which are subsequently stained with bUe 
pigments earned to them by the blood stream. 

cuSS wlth’^f “ made of the nervous systems of two infants who suc- 

^ -T neonatal jaundice, and who had kemikterus. There was, 

Kalis K W omphalitis in each infant and of an acute 

isras. Postmortem blood cultures of the other yielded B.w/i. 

hS Subdural Hemorrhages. 

with the subdural sD^K^ron^prftR^ A^*^ paradoxes which appear in connection 
and the dura. The pia arachnoid arachnoid 

(ectodermic), can limk extension of 'Sr? ^ denved from the neural crest 
subdural space; can retain fluid in r i ^ subarachnoid to the 

mala; docs not oTganK and Kov^H 
W mcningiomata; 
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was nineteen. In the father of this child the only symptoms were small hemor- 
rhages per rectum and a positive agglutination test. The family was directed 
to observe other members of the family. A few days later the child developed 
mild meningeal S3’mptoms and spinal puncture was done. The same findings 
as reported by Dr. Hansmann were present; the cells numbered 250, with 95 per 
cent lymphocytes; the organism was isolated from the spinal fluid. 

We had a positive agglutination against a stock culture of B. abortus in a 
dilution of 1:640, with the organism isolated from the spinal fluid. We obtained 
a positive agglutination in a dilution of 1:1800. 

The child recovered after an illness of two or three weeks, but subsequently 
developed a myelitis, so that the child at present is paralyzed below the mid- 
abdomen, with loss of control of the bladder and bowels, and total paralysis of 
the extremities. 

Structure and Bacteriology of Subcutaneous Nodules in Chronic 

Arthritis. B. J. Claw'son, Minneapolis. Minn, 

Abstract. In 300 patients with chronic arthritis subcutaneous nodules were 
found in 90 (30 per cent). The nodules when removed often had a definite 
capsule, but in some cases this was poorly defined. When sectioned and ex- 
amined grossly, multiple areas of necrosis were usually seen, surrounded by 
fibrous tissue. Necrotic and mucinous material could frequently be expressed 
from the center. 

The nodules were found to be made up of multiple inflammatory areas. The 
centers of these commonly showed varying degrees of necrosis. Two types of 
structure were seen in the necrotic centers, a hyaline eosin-staining material and 
a fibrillar substance that stained with hematoxylin. Scattered in this necrotic 
material were varying numbers of polymorphonuclear leucocytes. Surrounding 
the necrotic centers there were many mononuclear and multinudeated cells 
(polyblasts) which varied in size and shape. Many of them resembled the epi- 
thelioid cells in a tuberculous lesion. These polyblasts generally, but not al- 
ways, had a marked tendency to be arranged in a radial or palisade fashion. In 
this respect the arrangement was similar to that commonly found in the heart 
valve in acute rheumatic endocarditis. Polymoiphonudear leucocytes were 
scattered among the polyblasts, in many cases in small pockets or abscesses. 
These nodules simulate abscesses more closely than the acute rheumatic nodules 
which we have studied. 

Streptococci were recovered in pure culture from 70.6 per cent of the nodules 
cultured. 

The frequency of subcutaneous nodules in acute rheumatic fever and in 
chronic arthritis, the similarity of the gross and microscopic structure of the 
nodules in these two conditions, and the frequency with which streptococci can 
be cultured from the blood in acute rheumatic fever and from the blood and 
subcutaneous nodules in chronic arthritis strongly suggest that acute rheu- 
matic fever and chronic arthritis have a common streptococcic etiology and that 
the two diseases are in all probability different manifestations of the same 
process. 

Discussion 

(Dr, M. H. Dawson, by invitation. New York City.) The paper is in large 
part confirmation of a study which Dr. Pappenheimer and I presented before 
this Society two years ago. In this study we were able to show a very close 
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Multiple I^Ialignakt Tumors. Shields Warren, Boston, Mass. 

Abstract. Forty multiple malignant tumors were found among 1078 autopsies 
on individuals dead of malignancy. Fifteen multiple malignant tumors were 
found in males, who died at an average age of 67 years, and twenty-five in fe- 
males, who died at an average age of 58 years. The average known duration of 
the older of the two tumors was 3.2 years among males and 2.8 years among 
females. 

On the basis of Massachusetts mortality statistics, adjusted for age and sex, 
S.go cases rather than 15 would be expected in males, and 3-85 rather than 25 in 
females, assuming that it is admissible to accept Wilson’s method of applying 
cancer mortality rates as morbidity rates in calculating incidence of multiple 
malignancy, and that the second tumor is within one year of causing death. 

On the basis of a group of 12,051 malignant disease autopsies collected from 
the literature, 54.2 cases would be expected from a similar calculation and in 
cases were actually found. 

These findings would seem to indicate that multiple malignancies occur more 
frequently than chance would explain, and that some constitutional suscepti- 
bility to cancer must be assumed. 


Discussion 

(Dr. Howard T. Karsner, Cleveland.) I should like to ask Dr. Warren 
whether or not he applied strictly the Billroth criteria to the multiple large in- 
testine tumors. 

(Dr. Warren.) I should have stated that in the multiple large intestine 
tumors I had mctastases in six cases where both tumors were of intestinal origin. 
In the ten instances of which I spoke, they were not all ten of the intestine, but 
one primarj' tumor occurred in the intestine and the other primary tumor in 
some other organ. Of course we recognize that polyposis as the basis for multi- 
ple malignancy may appear frequently, but without evidence of independent 
mctastases I did not feel justified in including those cases. 

(Dr. Alfred Plaut, New York City.) I should like to ask if the older statistics 
have applied the Billroth criteria to tumors which often do not metastasize, like 
carcinoma of the cervix; that does not seem probable, because it would defeat 
the purpose of the statistical work from the beginning. Secondly I should hke 
to know if Dr. Warren has received the impression from certain cases that there 
may be something in the constitution of a human being which leads to the for- 
mation of many kinds of tumors. Probably many of us who do autopsies cannot 
help having such an impression. MTien a middle-aged woman has a carcinoma 
of the cervix, a myoma uteri, multiple tumors of the peritoneum, and in addi- 
tion, a primary tumor of the kidney, one cannot help but think that there must 
be something in this body which leads to the formation of multiple primary 
tumors. 

(Dr. David P. Scecof, Cleveland.) I should like to ask Dr. Warren how many 
cascj there were in which the multiple tumors produced mctastases, and whether 
there were any m this scries conforming to Billroth’s criteria. 

(Dr. W arren, closing.) In regard to Dr. Plaut’s first question, I have not my 
re.erences here, so cannot answer it exactly, but in some of the series the defi- 
nuc st.itcmcnt js made that Billroth’s criteria are applied. Those series run, as 
one would expect, very much less than the others. In other series the matter of 
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These paradoxes are best explained by a concept that the subdural space is 
Sid generis among so-called serous spaces; that the skull with its lining dura 
forms an articulation, not with bone, but with soft parts. As in other articula- 
tions a true lining endothelium is absent or discontinuous (as shown by Mallory 
in 1920), The pia arachnoid is an essential part of the central nervous system 
and is covered by a continuous layer of ectodermic (?) cells. Its relation to the 
dura is largely one of contiguity, with continuity only at limited points, 

(B) Subdural Hemorrhages: Primary hemorrhage into the subdural space 
arises almost exclusively from the pia arachnoid. Only when the dura is lacer- 
ated, or when tiunors arising in or invading through the dura bleed, does primary 
hemorrhage of dural origin occur. The sources of primary subdural hemorrhage 
are so closely allied to the sources of subarachnoid hemorrhage that they must 
be studied together. Secondary hemorrhage of dural origin, due to rupture of 
new vessels organizing primary collections of blood, is common. Whether the 
primary bleeding be due to laceration of the pia arachnoid or to the rupture of 
arachnoid vessels, spontaneous (from veins usually), or due to minor trau- 
matism, the blood in the subdural space is trapped. If the arachnoid is injured, 
repair, shutting off the membrane with adhesion to the dura, follows promptly. 
The dura surrounds the clot with a thin fibroblastic membrane separating the 
dot from the arachnoid, and a thicker layer lining the dura. From the dural side 
particularly, buttresses of young tissue endose large vascular spaces, poorly 
supported, which are the probable source of secondary hemorrhages within the 
membranous sac. The organization is from one side of the dot and therefore 
slow and inefficient. As in extradural hemorrhages the only adequate treat- 
ment is operative removal of the dot. The increase in head injuries associated 
with automobile acddents makes recognition of this condition of primary im- 
portance, particularly in patients who recover from the immediate shock, but 
do not progress favorably. 


The Histogenesis oe Atrophic Cirrhosis. Virgil H. Moon, Philadelphia, Pa. 

Abstract. Atrophic dixhosis is essentially a progressive chronic inflammatory 
process. Its development may best be studied in early and active cases. Such 
occur in children more frequently than in adults. Sections from active cases 
show progressive degeneration, necrosis and dissolution of liver cells associated 
^th an inflammatory reaction, proliferative rather than exudative in character. 
vVhole nodules are progressively destroyed and replaced by soft connective 
tissue. In adjacent areas proliferation of liver cells produces expanding nodules, 
which compress the recently formed fibrous tissue into bands. These nodules 
m turn are destroyed and the process is repeated. Cirrhosis occurring in adults 
IS usually less active. Degeneration and destruction of liver cells followed by 
active tissue proliferation are less marked. Occasionally complete arrest of the 
cnrhotic process is apparent. Such cases show no degeneration and destruction 
proliferating fibrous tissue. Pressure atrophy from contraction 
01 fibrous tissue may be present. Such cases may not show clinical evidence of 
<^hosis. Comparison indicates that the activity of the process frequently 
parallels the severity of the clinical symptoms. Streptococci were cultivated 
rom the livers of sis patients with active cirrhosis. They were demonstrated in 
in each of these, and in other cases. In none of the cirrhoses in 
c ildren was there history of alcoholism. In several cases there w'as recent 
IS ory of scarlet fever. Infection is probably one important factor in cirrhosis. 
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particles of the cortex of the adrenals which have been implanted in the kidney 
during fetal life. We saw one of these illustrated here — a very convincing case 
from the interesting material of Dr. Crawford. My argument, which has not 
been used until now, is as follows. You all know the so-called suprarenal 
tumors: 

(1) The struma suprarenalis (nodules in the cortex) 

( 2 ) The tumors of the suprarenal medulla 

(0) Gangliocytoma and ganglioneuroma 

(1) Chromaffin tumors (produce adrenalin) 

It has been shown that the so-called accessory suprarenals sometimes contain 
medullary elements. If there is really an implantation of suprarenal elements 
in the kidney during fetal life, such implants may also contain a priori, at times, 
cortical and medullary substance. It follows, then, that such suprarenal ele- 
ments in the kidney may form either hypemephroid tumors or gangliocytoma, 
ganglioneuroma, or chromaffin tumors, or even combined tumors of these types. 
Such tumors, as I have shown, exist in the kidney, and consist of a centrum of 
ganglioneuroma and of a cortex of a t)Tiical so-called hypernephroma. So here 
V e have a combination of tumors of the same organ. Therefore you see there is 
surely the possibility that pure adrenal cortical tissue may also produce hyper- 
nephroid tumors in the kidney. It is very hard to tell how often that occurs, but 
there is no doubt that it does occur, and all I want to emphasize is that the gen- 
eral meaning of the hypernephroma of Grawitz is put on a real basis. 

( r. \ illiam Boyd, Winnipeg, Canada.) It is very dangerous to draw con- 
clusions from one case, because it is so easy to say that it is merely a comcidence,' 
and yet if the coincidence is sufficientiy striking, perhaps it has some degree of 
weight. 1 perfomed an autopsy some years ago in which I happened upon such 
a coincidence. The patient had died of a cerebral hemorrhage. It was a straight- 
case, wit no suggestion of renal disease or tumor, but at the autopsy I 
seeinfT 1 ^ ackenal rest in the left kidney. I do not remember ever 

adrenal rest in the Wdney in any other case. In this re- 

the rest^n ^ ^^awford’s. I was so struck by 

“Wouldn’t it bp f ^ turned to those in the autopsy room and said 

there wnsi hypernephroma on the other side? ’’ — and 

SSp b.?f ^ hypernephroma of the right kidney. Possibly it was a 

which lo^draw^d’pfil^f”^ ^ number of cases here reported is too small from 

tiich to draw definite conclusions, but the data here presented added to the 

irs . I Z Scan .“aa 

o ^ i >■“ I'cen definitely 

defmiie hhloloBical charaAerisuSofT-cinomTS r“'°' 

the p7cS( the tr», 7 “ "nimportant in explaining 

nhen ihcv more closely' resemble '7 tumors arc of adrenal tissue origin 
mud, nro-re probable chat rhey arise (mm prltU^SoT’s.'' 
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Billroth’s criteria is discussed, and then the statement made that they are not 
utilized. 

With regard to susceptibility to malignant tumors, I feel quite sure that we 
all have the impression that there is a definite susceptibility in certain persons 
to cancer, and I hope on the basis of a study such as this and others similar to 
it that we will be able to decide that question from a statistical standpoint, as 
well as from the standpoint of general impression. 

With regard to Dr. Seecof’s question, I will say in this series there were nine 
cases in which there were both primary tumors and metastases of those primary 
tumors present. In the remainder of the cases, in practically aU of them, some 
one of the tumors had metastasized. There were eight cases in which neither 
tumor had metastasized. 

The Classification of Tumors of the Kidney with Especial Reference 
TO THE Malignant Tujiors in Adults. Baxter Lindsay Crawford, Phila- 
delphia, Pa. 

Ahslract. This report is based on the study of 60 malignant tumors in adults, 
4 malignant tumors in young children, and 29 benign tumors of the kidney 
which were discovered at autopsy. My chief interest has been in the study and 
classification of malignant tumors in adults. In this group of 60 cases, 59 have 
been classified as carcinomas and one as probably a hypernephroma. The 
4 tumors in the children are either of the mixed tumor or embryonal type of 
carcinomas. Of the 29 benign tumors, 23 proved to be adenomas, i adrenal 
rest, and s fibromas or fibrolipomas. Everyone is familiar with the discussions 
which have appeared in the literature as to the origin of the malignant tumors 
of the kidney in adults since the theory was advanced by Grawitz in 1883 that 
these tumors arise from adrenal rests in the kidney. It is quite evident that 
many authors use the term “hypernephroma’ ’ to include all tumors of the kid- 
06)' of a certain type, without reference to their origin. There would be much 
less confusion if the term “hypernephroma” were used to refer only to the ones 
which are considered to be of the adrenal tissue origin. It seems to be the con- 
sensus of opinion at the present time, of those who have made careful studies of 
large groups of these tumors, that the vast majority are true renal carcinomas 
and not adrenal tissue tumors. In the histological study of the majority of these 
tumors, true columnar epithelial cells forming indefinite acini and papillae may 
be demonstrated. Other points which support the view that the majority of 
these tumors are carcinomas instead of hypernephromas are the infrequency 
^nth which adrenal rests are found in the kidney, and the frequency with which 
adenomas are found in the kidney in various stages of development which may 
become malignant. In a series of over 2200 autopsies, I have found only one 
adrenal rest in the kidney, and in the same group, in something over i per cent 
u the cases, adenomas were found. 


Discussion 

, Ludwig Pick, by invitation, Berlin, Germany.) I am not surprised at 
he opposition of some people to the concept of hypernephroma, but it is a 
naatter of fact, and not only a question of beh'ef, that hypernephromas do exist, 
and I want to tell you, in addition to all other arguments, one point in support 
01 this theory. As you all know', hypernephroma of the kidney is due to some 
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as weU as the choroid, and also the glial cells in the peripheral and central 

nervous systems. _ , , , 

(Dr. S. Weintraub, New York City, by mvitation.) Have you examined 


myelomas? ^ ^ 

(Dr. Joseph McFarland, Philadelphia.) I recall when Dr. Laidlaw pre- 
sented the photograph of the melanoma it consisted entirely of brownish celb, 
and he said he could not find any signs of malignant change. I wonder whether 
this reaction will enable us to decide if there is a malignant change in such 


tumors. 

(Dr. Maurice N. Richter, New York City.) Dr. Laidlaw has been _kmd enough 
to perform the dopa reaction on sections of several cases of myeloid leukemia. 
We have found that the dopa reaction parallels the oxidase and peroxidase re- 
actions rather closely. Unfortunately we have not had an opportunity of exam- 
filing a case of myeloid leukemia in which the cells were sufficiently young for 
the reaction to be of much diagnostic importance. It is my impression that 
myeloid cells in the early stages, the so-called myeloblasts, do not give the oxi- 
dase or peroxidase reactions until they are sufficiently differentiated to show 
granules by other methods when suitably stained. In one case of acute myeloid 
leukemia which we have had recently, in which Auer bodies appeared in the 
circulating blood. Dr. Laidlaw demonstrated for us an Auer body with a positive 
dopa reaction in the tissue sections. 

(Dr. Laidlaw, closing.) Concerning Paget’s disease of the nipple, I have had 
no opportunity to try the dopa reaction. In ordinary epitheliomas a few dopa- 
positive melanoblasts are often seen among the basal epithelia. I do not believe 
that the presence of a few melanoblasts in an epithelioma has any significance, 
and certainly no relation to prognosis. 

I have never examined the meninges. Bloch reports the melanin-containing 
cells as dopa-negative in the adult, sometimes dopa-positive in the embryo. 

As for the pigment of the eye, I have had no experience. It is difficult to get 
fresh human eyes for a dopa reaction. Such eyes are usually dropped immedi- 
ately into Muller’s or Zenker’s fluid in the operating room. The best work on 
the dopa reaction in the eye was done by Miescher, of Bloch’s clinic, working 
with chicks and rabbits. He found the dopa reaction present only during a short 
period of embryonic life, both in the retina and in the chorioid, while the pigment 
of the eye is being formed. After birth, the reaction is negative. If a malignant 
melanoma appears in the eye, the melanoblasts resume their embryonic activitj 
and become dopa-positive again. 

I have examined several pigmented adrenals. They were dopa-positive. The 
pigment was a lipoid and had nothing to do with melanin. In melanosis coli 
the pigment-bearing cells arc dopa-negative. They are phagocytes and not 
melanoblasts. 

I have done very little work on the blood and have formed no opinion of the 
value of the dopa reaction in identifying the early stages of blood cells. The 
subject awaits further study. In Folia Hctnatologica, of 1930, Bloch and Peck 
published a special technique for blood. 

In regard to the ncr\-ous system, it has been reported that the ganglion cells 
are dopa-positivc. I have been unable to confirm this. In my hands, all cells 

of the central and of the peripheral nervous system, both ganglion and glial 
cells, arc dopa-negative. » & t. & 

i he dopa reaction has no relation to malignancy, as you may see in the sec- 



SCIENTIEIC PROCEEDINGS 617 

The Dopa Reaction in General Pathology, George F. Laidlaw (by invi- 
tation), New York City. / 

Abstract. The dopa reaction is a specific stain for two kinds of cells, myeloge- 
nous leucocytes and melanoblasts. It is a valuable aid in the study of melanin 
production and the metastases of melanotic tumors. It identifies the actively 
functioning melanoblasts of the skin, of ectodermic mucous membranes, pig- 
mented moles, melanoma and its metastases. When positive, the reaction dis- 
tinguishes melanoblasts from phagocytes. A negative reaction has no meaning. 
The reacting substance disappears soon after death or after excision from the 
living body, and it is destroyed by most fixatives and preserving fluids. For 
melanoblasts, fresh tissue is required, or tissue that has been in $ per cent 
formalin for only a few hours. Leucocytes may react after many days in 5 per 
cent formalin. 


Discussion 

(Dr. W. C. Hueper, Philadelphia.) I wonder if Dr. Laidlaw has examined the 
skin of the nipple. I think that the Dopa reaction should lend itself very well 
to settling several perplexing problems as to the origin of Paget’s disease. If it 
IS an intradermal cancer it should give a positive dopa reaction, and if it is a 
secondary reaction of a primary m amm ary gland cancer it should be negative. 

(I^J^'.Victor Jacobsen, Albany.) This reaction should be of real service in de- 
termining the identity of cells containing brownish or brownish black pigment. 
We have heretofore not been able to say what a chromatoblast is and what a 
chromatophore is. The former cell is supposed to make pigment, and the latter 
only to carry it. This test apparently will settle the point. I should like to ask 
Dr. Laidlaw if he can throw any light by means of the dopa reaction on the 
actual identity of the pigmented cells which we find in the meninges, and which 
conceivably account for some of the malignant pigmented tumors of the me- 
ninges; also the pigmented cells of the chorioid and of the zona reticularis of the 
adrenal. We still have a problem ahead of us in settling the identity of intra- 
cellular pigment. Not all is gold that glitters, and probably all brownish black 
pigment is not melanin. We do not know what melanin is chemically. Usually 
it contains sulphur; it may have a little iron. 

Further, how can we identify cells which do not contain pigment, but which 
are potentially melanin-producers? Can we take the skin of an albino animal 
and experimentally produce pigment by incubation for instance, which will 
wake the cells sensitive to this test? In other words, should we consider R. 
iiertwig’s old observation that melanin is a product of cell depression, and hence 
wnceiyably that it might be a product of practically any cell in the body? 
Hertwig’s work was done with a unicellular organism, Actinosphaerium eichornii, 
^^^®'’®tiheless I think it is of fundamental importance. 

(Dr. Herbert S. Reichle, Cleveland.) I should like to ask if Dr. Laidlaw has 
used the dopa reaction for blood smears: I mean not only for the leucocytes in 
the tissues, but also for those in the circulating blood. If so, is it superior to the 
ordmary oxidase reaction? All of us know that the oxidase reaction often fails 
m the early forms of myeloblasts. Many of these do not give a positive oxidase 
ruction. I should like to know if the dopa reaction will give a positive reac- 
tion in such cases. 

(Dr. George R, Callender, Washington.) I should like to extend Dr. Reichle’s 
question and ask if Dr. Laidlaw has examined the pigment layer of the retina 
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Discussion 

(Dr. W. C. Heuper, Philadelphia.) Can Dr. Strumia oflfer any explanation 
for the changes in the blood picture and the condition of the patient? I 
should like to call his attention to the work of Lindstroem with antileucocytic 
serum, who was able to produce in leukemic patients such conditions as appeared 
spontaneously in Dr. Strumia’s patient, and by the injection of antileucotytic 
serum in animals he could even produce the death of the animal with the histo- 
logical and hematological picture of typical agranulocytosis. I have worked 
with antileucocytic serum in tissue cultures, and I can say that such sera have 
a very marked and definite cytolethal effect on leukemic and normal human 
leucocytes. In Wells’ Textbook of Chemical Pathology is a reference to the 
effect of X-ray therapy on leukemia, in which it is stated that X-ray therapy 
increases the antileucocytic titer in the blood, and the decrease in leucocytes in 
the irradiated blood may be due to an increase in the antileucocytic toxin in the 
blood. The last case which Dr. Strumia presented seems to be more of the type 
of mononucleosis in which the picture is similar to leukemia, with a marked in- 
crease in the mononucleated cells. The only difference between a typical leu- 
kemia and such monocytic conditions is the prognosis. The patient recovers if 
he has a mononucleosis, while the patient will not recover if he has a leukemia. 
I once described a case where a monocytosis was present with a total leucocyte 
count of 88,000 for some time, and the patient recovered. 

(Dr. Strumia, closing.) It is rather hard to answer this question, because 
Dr. Heuper did not mention whether or not he means acute leukemia or chronic 
leukemia. I do not think the two diseases have anything in common except the 
name. That might create the impression that one is a phase of the other. That 
is unquestionably not so. 

As far as the first of the cases is concerned, we did inject rabbit serum which 
had been inoculated with a suspension of white cells of the patient. The in- 
jections, however, three in all, were given ten days at least after the granulo- 
pcnic phase had already begun. The change is probably brought about by a 
variation in the toxin or toxins which are likely the cause of the condition, to- 
gether with a predisposing element, preexisting in the patient. 

In regard to the question of monocytic celk, there is no doubt that in the 
second cxisc we arc not dcjaling with monocytes. The cells were c^arefuUy studied 
in several hundred preparations. In casts of acmte leukemia monocytcis rarely 
occur, except in tlie so-cxilled monocytic acaite leukemia. In this particular c:ase 
there were only occasional monocytes found, and in both cases most of the cells 
were of myelogenous origin, in the first one showing a fairly high percentage of 
oxidasc-jwsitive cells, and in the secx)nd somewhat lower. Thcjse cells were not 
hard to rcicognizc in the films as being of myeloid origin. For the question of 
effect of X-ra> in leukemia, I may refer Dr, Heuper to two works which I pub- 
lished some time ago.” 

FocAn Arteriolitis, Alfred Plaut, New York City. 

Ahsiraef. In the ccjursc of several years a peculiar, circumscribed lesion of smaU 
artencs and arterioles has been found in twenty-four patients. Two of the 

men ? f myelogenous leukemia under radium treat- 

radiaUons in myelogenous leukemia. Am. J. M. Sc., 
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tions presented, where the cells of a benign mole react as strongly as the cells 
of a malignant melanoma. In saying that there were no signs of mah'gnancy 
in the section, I meant the usual histological signs of mitosis and inflammatory 
reaction, not the dopa reaction. 

Concerning the Neural Origin of the Melanomas. Nathan Chandler 

Foot, Cincinnati, Ohio. 

Abstract. By means of lantern slides a series of sections are presented which 
very strongly confirm Masson’s theories as to the neural origin of the melano- 
mas. The photomicrographs were made from paraffin sections impregnated by 
the Rogers’ silver method for the demonstration of neurofibrillae, as well as by 
methods adapted by the author, which are calculated to show the finer, con- 
nective tissue fibrillae. 

Nerves and nerve terminals in normal tissue, Meissner corpuscles with their 
nervous apparatus, and so on, are shown; then the distribution of nerve fila- 
ments in benign melanomas is compared with these pictures and the close sim- 
ilarity between Masson’s “lames foliacees” and the normal Meissner corpuscles 
is demonstrated. Besides these, more primitive fibrils and cellulofibrillar com- 
plexes are shown. 

It is hoped, by means of this demonstration, that the theory of Masson is 
very firmly grounded and that there remains but little work to do before it may 
be proved conclusively. The cell nests resemble neither epidermoid nor con- 
nective tissue; they are almost invariably associated with nerve trunks; they 
contain numerous nerve fibers that tend to prove that the tumor cells are formed 
from the neural adnexa, as Masson has claimed. 

Acute Leukemia anb Agranulocytosis. Max M. Strumia, Philadelphia, Pa. 

Abstract. From the study of a large number of cases of acute leukemia, agran- 
ulocytosis and abnormal blood pictures occurring during the course of in- 
fections, especially streptococcic, the writer has previously suggested the 
hypothesis that there is a common causative mechanism in these various and 
apparently widely separated forms of blood disease. 

Two cases are here presented. These must not be viewed as isolated, unusual 
cases, but rather as links illustrating the possible connections between acute 
leukemia and agranulocytosis: 

Case I is that of a male, 21 years of age, who had, for a period of about a 
month during the course of an otherwise typical acute leukemia, a granulopenic 
phase with leukopenia as low as 400 cells per cmm. 

After the granulopenic phase, the undifferentiated cells reappeared in the 
blood stream as rapidly as they had disappeared, the white blood count in- 
creasing in three weeks from 2100 to 430,000. The patient died with the blood 
showing again, as in the beginning of the disease, a typical picture of an acute 
leukemia. 

Case 2 is that of a young girl, g years of age, who for six months had an agran- 
ulocytic blood picture. At this point, wdth only a sh'ght increase of the total 
number of white blood cells (from an average of 2400 cells per cubic mm. to 
an average during the “leukemic” period of 3S00) the patient exhibited for a 
penod of a little over a month a t3pical picture of acute leukemia. This even- 
tually disappeared and the patient had a slow recoverj’^ w'ith a persbtent moder- 
ate leukopenia and granulopenia, extending over a period of several years. 
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GtoiiEuuLAR Lesions Associated mxH Endocarditis. E. T. Bell, Minne- 
apolis, Minn. 

Abstract. Two forms of glomerulitis — diffuse and emboffc — are found in 
association mth endocarditis. 

Diffuse glomerulitis was found with the various types of endocarditis as fol- 
lows: acute rheumatic 22.2 per cent; acute primary bacterial 28.6 per cent; sub- 
acute bacterial 64.8 per cent; secondary acute 33.3 per cent. It is charactered 
by an increase in the number and size of the endothelial cells and often by thie 
enmg of the capillary basement membrane. The extent of capillary obstruction 
is usually much less than in clinical acute glomerulonephritis, but in seven in- 
stances of subacute endocarditis glomerulitis had reached the clinical level. 
Diffuse glomerulitis bears some relation to the intensity and duration of septi- 
cemia. 

Embolic, or focal, glomerulitis was found in the different forms of endocarditis 
as follows: acute rheumatic 2.9 per cent; acute primary bacterial 7.1 per cent; 
subacute 32.8 per cent; secondary acute $.8 per cent. In one instance there was 
no endocarditis. 

Two distinct types of embolic lesions occur — the fresh hyaline and the fi- 
brous. 

The fresh hyaline lesion in its simplest form is a capillary thrombosis, and all 
the smaller lesions are readily recognized as such. The larger lesions are com- 
posed of many thrombosed capillaries which may be identified until the capil- 
lary walls have undergone necrosis. The hyaline lesion is not an infarct, but a 
thrombosis and necrosis of capillaries resulting from the lodgement of bacteria. 
The necrotic portion of the glomerulus disintegrates and disappears. 

The fibrous lesion is a reaction characterized by a marked growth of the base- 
ment membranes of the capillaries. The thickened membranes obliterate the 
capillaries and give the glomerulus a fibrous structure. The fibers are formed 
entirely from basement membranes; there is no invasion by fibroblasts from 
without. The fibrous lesion, like the fresh hyaline, may involve one or more 
lobules, or the entire glomerulus. It develops independently of the fresh hyaline 
lesions. 

In subacute bacterial endocarditis there were fifteen instances of severe renal 
insufficiencv', of which five were due to embolic glomerulonephritis, seven to 
acute, and three to chronic glomerulonephritis. 

The fresh hyaline embolic lesions develop earlier than the fibrous and may be 
found at any time during the course of the disease. The frequent absence of 
embolic lesions in typical clinical examples of subacute bacterial endocarditis 
has not been explained. 

Diffuse glomerulitis is frequently found in association with embolic lesions. 

Epithelial crescents frequently cause atrophy of the glomerular tufts by com- 
pression. Fibers form between the epithelial cells and convert the crescent into 
a dense fibrous structure. These fibers are of epithelial origin. 

In the glomeruli, fibers which later give the staining reactions of collagen are 
foTOcd from three distinct sources — intracapillary fibers from the endothelial 
cells, fibers formed from thickened capillary basement membranes, and fibers 
formed by the epithelial cells of the crescents. 
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lesions were found in the fallopian tube, the others in the vermiform appendix. 
The lesion consists of a subendothelial, hyaline deposit with necrosis of muscle 
coat and endothelium. The adventitia forms a granuloma consisting of spindle 
cells, mononuclears, irregularly round elements, and sometimes eosinophil and 
neutrophil granulocytes. The granuloma is well separated from the surround- 
ing tissue. The lesion is distinctly focal. Generally several foci are found in the 
appendix. 

There is no relation to any other disease. Only three of the patients were 
males, all the others females. This may be partly accidental. The age of the 
patients varies from 17 to 44. In fifty-nine autopsies, the appendix was exam- 
ined, and in two instances focal arteriolitis was found, one patient being male. 
Focal arteriolitis is different from periarteritis nodosa. It is different also from 
the vascular lesion of typhus, and entirely different from the vascular lesions of 
rheumatic fever. The etiology of the disease, so far, is entirely unknown. 


Discussion 

(Dr. Virgil H. Moon, Philadelphia.) I am much interested in Dr. Plaut's 
presentation. I have not observed such lesions in human cases, but have seen 
them frequently in experimental animals. In a series of experiments, chronic 
foci of infection were produced with various organisms in order to study the 
prolonged effects of such infections. Focal arteriolar lesions, resembling those 
described, were found in a fairly high percentage of animals in w'hich strepto- 
cocci had been implanted. They were not produced by the streptococcus 
hemolyticus, but by streptococcus viridans, sometimes in association with 
lesions of the endocardium; at other times these arteriolar lesions were the only 
ones that indicated infection. They were found most frequently in the lungs, 
but were also found in cardiac muscle, intestinal walls, kidneys, and elsewhere. 

(Dr. David P. Seecof, Cleveland.) Recently I have seen one case of this 
disease affecting every tissue in the body. That one case was found in a study 
of several hundred cases of arteriolar disease of the kidney. I saw this case 
within the last month, and it was in a human. 

(Dr. Plant.) In answer to Dr. Moon, I have to say that I have seen the lesion 
once ~ I found it accidentally in the skin of a young mouse. Nothing had been 
done to the mouse. I did not have any other organ of the mouse at my disposal. 

As far as Dr. Seecof’s remark is concerned, about arteriolar lesions of the 
kidney, was it a focal lesion? 

(Dr. Seecof.) Yes. I have seen this lesion in the kidney often, but in this 
particular case every organ in the body was affected. 

. (Dr. Plaut, closing.) I have never seen this lesion in the kidney, and I wonder 
If I would recognize your lesion as identical with focal arteriolitis, or whether I 
should group it under arteriolar lesions we see in chronic kidney disease. Our 
esion is distinctly focal. You might find a vessel involved for half a millimeter, 
and then it would be perfectly normal for a centimeter, and then there would be 
another area of involvement. There is no similarity between this lesion and 
artenolo-nccrosis. I have examined the spleen and pancreas of patients where 
we had reason to assume that the arteriolar lesion would be young, as in rapidly 
Progre^uig chronic glomerulonephritis in children, but we never found any- 
mg similar to focal arteriolitis. 
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in recent years the attempt will be made to define the conditions under which 
these terms can be given greater precision. The cellular reactions of first in- 
fection and reinfection will be compared and their effect upon the invading 
microorganisms will be discussed. The uncertainty of available means for 
measurement of hypersusceptibility and resistance will be pointed out. The 
limitations of our knowledge concerning the relation of sensitization, allergy 
resistance and immunity to the clinical course and pathology of human tuber- 
culosis will be cited. 


Discussion 

(Dr. E. M. Medlar, Mt. McGregor.) I should like to ask Dr. Opie how 
he distinguishes between an ulcer formed in the skin, an ulcer formed in the 
intestine, and a cavity formed in the lung in a tuberculous animal. I have 
yet to see any evidence of ulceration in which the principal cell participating 
in bringing about the reaming-out of tissue is not the polymorphonuclear 
leucocyte. 

(Dr. Opie, closing.) It is not improbable that the polynuclear leucocyte has 
a part in cleaning off an ulcer, particularly when, as in the intestinal tract, 
mixed bacterial infection occurs. It seems to me unfortunate to use the word 
abscess to designate a tuberculous cavity. An abscess is characterized by 
accumulation of polynuclear leucocytes which set free a suflScient amount of 
proteolytic enzyme to bring about solution of dead tissue and injured cells, but 
with a tuberculous cavity there is accumulation of epithelioid cells, or necrosis 
caseation and ^integration of the caseous material. Polynuclear leucocytes 
may penetrate into this caseous material, and have some part in bringing about 
Its softening, but the pathogenesis of an abscess and of a tuberculous lesion 
proceedmg to softening are so essentiaUy different that the term abscess should 
not be applied to a tuberculous cavity. 


Chemcal Factors in the Exudation and Necrosis of Tuberculosis. 

Esmond R. Long, Chicago, 111. 

A65/rac<. It is well kno\yn that by the use of more or less purified products from 
the tubercle bacillus lesions can be produced in experimental animals which are 
dosely analogous to those occurring in actual mfection. These can be produced 
constancy that it is reasonable to suppose that these same substances 
responsible for the lesions actually observed in the disease. In 
f?om tif r been devoted to the purification of products 

^taaL investigation of their effects in experimental 

ex-Jdation which injury has been directed in this study are 

as c4 Sed hv "f P'^'^bferation and constitutional changes, 

SS tl c 1 w r ‘ phenomena. In these 
orTrUabirriol concerned, either singly 

S; bacillus is u I" a general way the protein of 

manifestid txmTSv 1'n c.Yidative phenomena of the disease, as 

in the more chronir ^ crgic reaction; the lipoids are largely concerned 
the carbolivdnS proliferative cell responses; 

'Hie present' antigen-antibody reactions, 
the more •’cute ® braited phase of this general problem — 

tc manifestations of exudation and necrosis. It is generally agreed 
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Acute Dieeuse Glomerulonephritis in the Rabbit. Kurt Semsroth (by 

invitation), Pittsburgh, Pa. 

AbslracL Pour to twenty-four hours after injection of a highly virulent pneu- 
mococcus Type I an acute reaction of all glomeruli of both kidneys was ob- 
served. Dominant features of the reaction were absence of early degenerative 
changes, enlargement of all glomeruli with capillary dilatation in the first stage, 
endothelial swelling and proliferation in the later stage. Since identical features 
set off the acute diffuse glomerulonephritis from any other kind of nephritis, 
the findings were interpreted as the analogue of the acute diffuse glomerulo- 
nephritis of man. Capillary dilatation was associated not with a hyperemia, 
but with a relative anemia of the glomeruli, while no “closing mechanism” at 
the vascular pole of the glomeruli was apparent. It was inferred that the pri- 
mary phenomenon had been a widening of the glomerular capillary bed without 
a corresponding increase in blood-supply through the glomerular arteries. The 
observations led to the conclusion that the acute diffuse glomerulitis observed 
may be understood as due to the action upon the glomerular capillaries of 
metabolic products, which like urethane (Krogh) or histamine (Feldberg) have 
a dilator effect on capillaries, but none, or a constrictor effect, on arteries and 
arterioles. 

Urea Clearance Following Unilateral Nephrectomy. H. T. Karsner, 
R. A. Moore and (by invitation) R. F. Hanzal, Cleveland, O. 

Abstract. The curve of urea concentration in the blood following intravenous 
administration of urea to unilaterally nephrectomized rabbits showed that after 
full recovery from operation the remaining kidney was capable of eliminating 
urea at the same rate as both kidneys.* In this series of experiments urea 
clearance of dogs was studied before, i month and 4 months after unilateral 
nephrectomy, by the method of SununerviUe, Hanzal and Goldblatt.j’ One 
month after unilateral nephrectomy, urea clearance under natural conditions 
was found to be unchanged, but if an excess of urea were administered, the urea 
clearance was slightly depressed as compared with the controls. At 4 months 
after unilateral nephrectomy, or later, urea clearance under natural conditions 
was not significantly changed, but with an excess of urea in the blood it was 
definitely increased. After full recovery from operation, and presumable in- 
crease in size of the remaining kidney, that organ was found to be capable of 
eliminating urea at a rate in excess of that of both kidneys before operation, a 
manifestation of genuine hypertrophy. 

The Cellular Reactions of Tuberculosis and their Relation to Im- 
munity and Sensitization. Eugene L. Opie, Philadelphia, Pa. 

Abstract. The relation of tuberculosis to other forms of bacterial infection will 
be discussed. There is evidently wide difference of opinion concerning the sig- 
nificance of terms such as inflammation, exudation, and so on, as applied to 
tuberculosis, and even more uncertainty concerning the significance of sensi- 
tization, immunity, “allergy,” and so on. With the aid of observations made 

* Karsner, H. T., Straus, R., Moore, R. A., and Hanzal, R. F. Urea tolerance after 
unilateral nephrectomy in rabbits. J. Exper. Med., 1932, 5s, 27. 

t Summerville, W. W., Hanzal, R. F., and Goldblatt, H. Urea clearance in normal 
dogs. (In Press.) Am. J. Physiol. 
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fibers, and an argyrophil tendency in the glue-like exudate of the peritoneal 
cavity, suggest that products of degenerated coUagen may play an important 
part in the composition of exudates in tuberculosis. 

Discussion 

(Dr. Camille Kereszturi, New York City.) I should like to ask Dr. Long to 
interpret an observation of ours. We watched nine children who, after paren- 
teral BCG vaccination, had a negative tuberculin reaction to 10 mg. OT. A 
few days after this test the interne made a mistake in the dilution of the tuber- 
culin and gave 100 mg. instead of 10. To this dose all children developed a 
positive reaction, i. e., 8 to 10 mm. erythema and infiltration with a small 
blister. I want to ask Dr. Long bow he interprets this. Were these children 
slightly sensitive to tuberculin giving a negative reaction to 10 mg. of OT, or 
did the highly concentrated tuberculin give a mechanical reaction, a sort of 
foreign body reaction, or did only some component of the tuberculin produce 
the reaction? 

(Dr. Long.) May I ask what kind of tuberculin you used for the test? That 
might make a difference. 

(Dr. Kereszturi.) New York Health Department OT. 

(Dr. Long, closing.) I have always felt that in tuberculosis there are varying 
degrees of sensitization that may be brought to light by varying the amount of 
tuberculin which is injected to produce a reaction. It would be my explanation 
that small amounts of tuberculin would not bring out the reaction, when the 
sensitization is very low, while larger amounts might induce a positive test. 

I should like to say at this point that it has seemed to me that the more highly 
purified materials we use for the tuberculin test, the more sure we are of the 
results. In old tuberculin there are a great many substances of more or less 
unknown nature, including proteins, beef extract and peptone, as well as a large 
amount of glycerol and inorganic salts, and while the reactions with this material 
may be excellent, and the material may often behave as well in the testing treat- 
ment as other forms of tuberculin, it seems to me that when we have materials 
which do produce at least equally good reactions which are single pure sub- 
stances, we are much more sure of the interpretation of our results than with 
material which contains so many unkno^vn substances. Whether these un- 
knowm substances may be responsible for the reaction you speak of, I do not 
know, hut I should have to consider it as a possibility. 

Tiin Sensitization of Guinea Pigs ivith Tuberculin and the Peodoction 

OF .\napiiylaxis and Allergy to the Tuberculo-protein. Herbert S. 

Reidilc (by invitation) and Harry Goldblatt, Cleveland, Ohio. 

Abstract.^ Normal guinea pigs were injected intracutaneously with i to 10 old 
tuberculin and various adjuvant substances, such as eye fluid of normal guinea 
pigs and liorse serum. Upon retesting these animals with old tuberculin 3 to 
8 da^’s after the sensitizing injection, the animals responded in a fashion typical 
of bacterial allergy. Fifty-five of 102 animals used in these experiments have 
shown this phenomenon. 

The skin reactions were of the delayed type, and although vesiculation and 
ulceration were never seen, they w-cre otherwise analogous to those observed in 
tuberculous animals. The same reaction was obtained wth Seibert’s pure 
tutierculo-protem. At an early stage of an experiment the animals were not 
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that marked exudation in tuberculosis is a reaction of reinfection, although it 
is admitted that enormous infecting doses, larger than those operating in actual 
infection, can be a primarj’' cause of exudation. It is now well kno^vn that, in 
addition to actual infection, inoculation with dead bacilli will achieve a sensi- 
tiveness similar to that of infection, and it has recently been shown (Seibert) 
that the purified protein also will sensitize so that exudative reactions will follow 
its reintroduction. There is rather general agreement that a protein or protein 
derivative of the bacillus is the substance responsible for the exudation itself. 

There is no general agreement on the etiology of the necrosis of tuberculosis, 
probably because of the multiplicit}' of factors concerned. A distinction must 
be drawn between acute necrosis and the more slowly developing process of 
caseation, but the two are frequently associated, and the first may pass into the 
second. According to the old view (Virchow) arising with the development of 
the cellular pathology, the stages in the necrosis of tuberculosis were epithelioid 
cell proliferation, ischemia, necrosis. Weigert considered it a form of coagula- 
tion necrosis. To-day stress is laid by many (ICrause, Rich, Huebschmann, 
Schleussing) on the r 61 e of hypersensiUveness in the development of necrosis. 
Others (Sabin, Medlar) have stressed the relation of necrosis to the life history 
of certain cells. Sabin and her coworkers in particular have focussed attention 
on the stimulation of the monocyte by the phosphatide of the bacillus, the 
maturation of this cell into an epithelioid cell and its final disintegration with 
continued phosphatide stimulation. It is important to note that in the necrotic 
tissue of a tuberculous lesion several elements may be present, including the 
original tissue, the inflammatory exudate or proliferate, and a fibrillar ground 
substance, which is commonly overlooked because not brought out by the usual 
stains. 

Acute exudation and necrosis can be readily produced in tuberculous or 
otherwise sensitized animals by small amounts of the purified protein obtained 
from the tubercle bacillus or from the culture medium on which it has grown. 
Quantities of this protein as small as o.r mg. can kill a sensitive guinea pig in 
eighteen hours on intraperitoneal injection. In such animals $ to 15 cc. of 
exudate is poured out in the peritoneal cavity. This fluid ranges from clear to 
cellular and bloody, according to the intensity of the reaction. Even the clearest 
samples have a tendency to gel, although fibrin cannot be demonstrated in the 
early reactions. The fluid is alkaline (pH 7.6 or more alkaline) and rich in 
protein. Non-protein nitrogen is relatively high. When fixed in Zenker’s fluid 
it fails to take fibrin stains, but stains feebly with the Mallory stain and with 
silver. 

Intense allergic reactions can be produced with the purified protein in a vari- 
ety of tissues besides the serous membranes, including the skin, testis, lung, 
kidney and cornea. The reaction in the latter is especially instructive. Small 
amounts of the protein in the cornea of a tuberculous guinea pig cause an intense 
exudation of polymorphonuclear leucocytes and at the same time necrosis of the 
connective tissue, preceded by marked swelling and loss of staining capacity of 
the collagenic fibers. At the same time argyrophil fibers make their appearance. 
These seem in large part to be due to a simple mechanical separation of the 
collagenic fibers by the exudate, a result in agreement with the views of Mallory 
and Parker on the formation of reticulin, but may be in part a new formation 
secondary to the degeneration and solution of the collagen in the inflammatory 
e^date. The presence of faintly arg3Trophil fibers in the anterior chamber of 
the eye after an intense corneal reaction with destruction of the collagenic 
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be obtained with any of the constituents isolated from OT similar to those pro- 
duced by the highly purified tuberculin protein. Therefore we purified OT by 
the ultrafiltration method and obtained a colloidal solution containing protein 
and cabohrydrate. This, after seven to eight intracutaneous injections into a 
normal rabbit, gave a marked Arthus reaction, with considerable induration and 
hyperemia and only a little necrosis. Therefore, in OT there is still a part of the 
protein left intact antigenically, in spite of the hour or so of heating in its man- 
ufacture. 

However, when this colloidal solution was precipitated with trichloracetic 
acid, a protein fraction w'as obtained which had about 14 per cent nitrogen and 
many of the characteristics of protein. Nevertheless this fraction was a poor 
antigen, giving scarcely any reaction following seven to eight injections into 
the skin of normal animals. On the other hand, it did give a reaction in the skin 
of tuberculous animals. 

We are of the opinion, then, from this work, that it is possible to modify the 
tuberculin protein to some extent, as is true in the case of OT, and still get an 
antigenic reaction. Further chemical treatment, such as precipitation with 
trichloracetic acid, decreases its antigenic capacity so that it will elicit a response 
only in a highly sensitive animal, such as a tuberculous animal. Such a product 
may therefore be best for diagnostic purposes. We are very much interested in 
studjdng the chemical differences in this product and in the purified tuberculin 
protein. 


(Dr. Reichle, closing.) In reply to the first question, we did try to inject ani- 
mals intrayascularly with OT. There are two objections. In the first place, it 
has been shown that OT, possibly because of the phenol contained in it, will in 

P'8®- The second objection is one to 
Winch Dr. Karsner has called attention, the anaphylactoid reaction, or what- 
ever the phenomenon may be that is connected with the injection of colloids 
into the vascular systems of animals. We did obtain shock in the animals. One 
show ed tjTUcal emphysema, but we do not feel that this method is as favorable 
as the objective demonstration by means of the Dale method. 

''“derstand what Dr. Aronson wishes. If he thinks that indi- 
tS tuberculin may later show an anaphylactic response to 
Droffin n ’ f doubt that he is correct. Whether tuberculin contains 

thk wori/Jl? ’ """I T to say, and I must admit when I started 

Shows that it did not. Apparently Dr. Seibert’s work 

prZ m iimr? TT’ to produce a biological reaction. Some may 

^efer to caU OT a haptene, although I question the validity of its use in this 


is the possibility of its giving a tuberculin reaction 

W?S tLTeSv X 't in this brief time, 

glycerin broth whiVh^Jn 'se will perhaps discover that there are special lots of 
SS Them immunological relation to tuber- 

v.hich are like^thos^givSiVoT' 

point. I w-ish to^ay^haTwl; discuss. It is a very interesting 

th.it she has becr^ correspondence with Dr. Seibert, and 

been vcr> kind m giving us information and material. 
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sensitive to glycerin-bouillon, but after repeated injections with old tuberculin 
they developed sensitivity to the glycerin broth. In some of the am'mals the 
Long testicular test for allergy to tuberculin was positive; in others a strong 
anaphylactic sensitivity to tuberculin was demonstrated by means of the Dale 
test. 

It is probable that an adjuvant substance is not a necessary factor and that 
the essential element in ail previous reports of successful artificial sensitization 
to tuberculin has been the tuberculin itself. Some of the reasons why others 
have not been able to substantiate these claims are probably the failure to 
recognize the incubation period, the use of animals below 500 gm. and the lack 
at that time of an objective measure of allergy, such as the Long testicular test. 


Discussion 

(Dr. Max B. Lurie, Philadelphia.) Did these animals die in typical anaphy- 
lactic shock when properly tested by the antigen? 

(Dr. Joseph D. Aronson, Philadelphia.) There are a number of points with 
which I disagree with the speaker. Old tuberculin is not antigenic and does not 
sensitize to itself. The late Dr, Paul A. Lewis showed that sensitization due to 
large amounts of tuberculin was brought about not by tuberculin, but by con- 
stituents of the broth. In so far as tuberculo-protein is concerned, its antigenic 
properties are different from that of old tuberculin. In his classical studies on 
tuberculo-protein Baldwin showed that tuberculo-protein acts as does any 
native antigen, and that anaphylactic shock may be produced in the non-tuber- 
culous sensitized guinea pigs. Zinsser showed that the isolated uterus of guinea 
pigs sensitized with tuberculo-protein contracts when brought in contact with 
the antigen. We have found, as I have no doubt have other investigators, that 
tuberculo-protein injected into normal guinea pigs sensitizes them so that upon 
remjection they die from anaphylactic shock; the isolated uterus of such sensi- 
tized guinea pigs contracts when brought into contact with the antigen. Rab- 
bits injected with tuberculo-protein develop an Arthus phenomenon and have 
demonstrable antibodies in the circulating blood. In conjunction with Dr. Nich- 
ol^ of the Children’s Hospital we have been testing children simultaneously 
w-ith old tuberculin and with tuberculo-protein. We have found that in so far 
as the sensitivity of the two substances is concerned, both give about the same 
per cent of positive reactions. However, when these children were retested 
three months later with tuberculin and tuberculo-protein it was found that 
about 40 per cent gave an Arthus type of reaction, and only about 4 per cent 
reacted to the old tuberculin. The Arthus type of reaction was characterized 
by its more prompt appearance, reaching its maximum in twenty-four hours, 
marked edema in a number of instances, and a subsidence of the edema after 
forty-eight hours. Many of the children complained of pain at the site of in- 
jection, a symptom absent when first injected. In view of our findings, I feel 
mat tuberculo-protein as at present prepared cannot replace old tuberculin 
bemuse of the danger of sensitization. 

(Dr. F, B. Seibert, Chicago.) In this connection I should like to mention a 
few experiments which we have done this year on the purification of OT. The 
results which we obtained, but w'hich I cannot describe in detail to-day, make 
me believe that the reactions produced by Dr. Reichle are due to the protein 
portion of OT, We were interested in finding whether antigenic reactions could 
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and subcutaneous inoculation, reaches its maximum response between 4 and 
8 weeks and may persist as long as 240 days after inoculation. The most durable 
and intense cutaneous allergy was produced by the intradermal inoculation of 
BCG and the most rapid and least stable allergy was observed following the 
intraperitoneal inoculation of BCG. The oral administration of 10 to 35 mg. 
of BCG in newly bom guinea pigs yielded irregular cutaneous allergy. 

Guinea pigs inoculated with BCG and subsequently, during the aner^c 
phase, inoculated subcutaneously with a minimal infecting dose of 200 living 
“Hz,” vimlent tubercle bacilli, showed an increased resistance to the tubercu- 
lous infection and survived twice as long as the unprotected controls. The 
greatest resistance obtained in the group inoculated intradermally with BCG 
and the least resistance was shown in the group inoculated intraperitoneally. 
Thus cutaneous allergy followed closely the degree of resistance of a virulent 
tuberculous infection. Animals vaccinated by the oral route showed the least 
resistance to infection. 

These investigations uphold Calmette’s original contention that the BCG, 
culture is incapable of producing progressive tuberculosis in the animal body 
and that it may be used without risk as a vaccine. In my series of experiments 
the average survival time of BCG protected guinea pigs "was 50 weeks and that 
of the control was 27 weeks, a diSerence of statistical significance. 


Discussion 

(Dr. William H. Park, New York City.) I have been very much interested 
in this paper because I have been planning for some time to do what Dr. Birk- 
haug has done, but have not had the facilities where the animals could live in a 
proper way. My interest was to see whether the BCG children lose their tuber- 
cuh'n test, whether they are equally or less resistant, and how long that re- 
sistance lasts. I do not know whether Dr. Birkhaug can tell us how long that 
resistance lasts when a tuberculin injection has become negative. I think we 
have also come to the same conclusion that he has, that the oral vaccination 
was not nearly as effective as the intradermal or subcutaneous methods, and 
that the intradermal was possibly the best. 

(Dr. Joseph Aronson, Philadelphia.) I wish to state that our results agree 
with those of Dr. Birkhaug. We have found that guinea pigs vaccinated either 
subcutaneously or intracutaneously with the BCG vaccine and subsequently 
infected with a virulent culture of the tubercle bacillus survive for a longer time 
than do control unvaccinated guinea pigs. Guinea pigs vaccinated subcutane- 
ously with the BCG vaccine and subsequently infected intratracheally with a 
virulent culture of the tubercle bacillus show definite fibrosis of the hilum lymph 
nodes, an occasional tubercle in the lung and little or no involvement of the 
spleen, whereas unvaednated guinea pigs or guinea pigs vaednated with heat- 
-illcd wlturcs of the tubercle bacillus show caseous hilum l3Tnph nodes w’ith 
c.xtcpi%-e involvement of the spleen. We have found that the R i strain gives 
results as good as the BCG vaedne. 

(Dr. S. A. Petroff , Saranac Lake.) The paper presented by Dr. Birkhaug is 
xerj interesting. It supports the observations made by the majority of investi- 
gators. . r> interest in this organism dates back to 1925, when I began my ex- 
penment. Contrary- to Calmette’s claim, I observed progressive tuberculosis in 

cail attention to the fact that the organism 
at times, when culu'vatcd in a certain environment, may become viru- 
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(Dr. M-ax B. Lurie, Philadelphia.) I wish to call attention to some work done 
in Germany recently by Tiedeman in Kirchner’s laboratory, which showed ^at 
one cannot necessarily draw any conclusions from the behavior of the guinea 
pig as to the behavior of the human being toward BCG and other strains. For 
example, in the strains isolated from the Ltlbeck disaster, it has been found that 
while these strains caused the most progressive and most fulminating type of 
tuberculosis amongst infants, this same strain when injected into guinea pigs 
caused a very slowly progressive disease chiefly limited to the Ijonphatic system. 
This work was coiflirmed in several laboratories. The conclusion seems to be 
well established on the basis of other facts that the tubercle bacillus in general 
may be much more virulent for the human being than for the guinea pig and 
that the BCG also may be much more virulent for the human being than for 
the guinea pig. 

(Dr. Park.) We have now been carrying these children for five years, and 
have not the slightest evidence that it does them any harm, and we have evi- 
dence that the resistance given is not so great. When they developed whooping 
cough, two died of the human type tuberculosis. The abscesses always heal up 
when they develop them. 

(Dr. Birkhaug, closing.) I beheve there is one cardinal difference between 
my experiments of protection by means of the BCG vaccine and those of other 
workers, in that too much haste was exercised in inoculating the virulent tuber- 
cle bacilli into the vaccinated guinea pigs before any proof was available that 
cutaneous allergy was established. I purposely planned to defer the super- 
imposed virulent infection for as long as five months after the BCG vaccination, 
until I had tangible proof that allergy was established and most of the animals 
had passed into the anergic state. In this connection there seems to be little 
doubt now that allergy is a definite expression of immunity and that in many 
instances cutaneous allergy in the guinea pig is not established before eight to 
ten weeks foUouing the BCG vaccination. I like to stress this significant differ- 
ence between my experiments and those of other workers. 

During my six months' visit last year to European centers of human vaccina- 
tion with BCG, I learned something about proper dosage. The most unique 
results were obtained by Dr. Wallgren, at Gothenburgh, Sweden. His chief 
concern was to correlate dosage with production of cutaneous allergy and pro- 
duction of cold abscesses. His dosages w'ere graduated from 0.2 to 0.5 mg. The 
latter dosage injected subcutaneously produced the least cold abscesses and the 
highest allerg}’. About 76 per cent of infants given one dose of 0.05 mg. became 
tuberculin hypersensitive from 4 to 9 weeks after vaccination. Another signifi- 
cant feature of Dr. Wallgren’s series was his insistence on strict isolation of the 
\accinaled infant from open and virulent tuberculous infection until cutaneous 
allcrg} was established. This ideal arrangement necessarily entails financial 
difficulties, both for the experimental station and the parents, coupled with the 
disinclination of many mothers to be parted from their infants during the neces- 
sarj’ period of isolation. 


nr-r question about the possible enhancement of virulence of the 

organiams enough has been said. Although no living virus is absolutely 
lixcd in virulence or avirulence, there is but most meager evidence that BCG 
IS capable of produang progressive tuberculosis in animals or man. An over- 

wnciming majority of workers have adequately confirmed Calmette’s thesis in 
inis respect. 

Ihc Ltibcd; tragedy was unique in medical annals. Again, it should be re- 
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lent for guinea pigs. I attempted to connect the instability of this organism 
with the dissociation phenomenon. From the original culture I dissociated two 


extreme types of organisms, whicli differed in topography of the colonies, viru- 
lence and other biologiaal reactions. My investigations were not corroborated 
until recently. We must remember that the tubercle bacillus grows very slowdy 
and takes a long time to be modified. In 192S I brought with me from the 
Pasteur Institute a culture of BCG (359). A suspension prepared as described 
by me was inoculated in ninety plates, and in only one of the plates three typical 
“S” colonies developed corresponding very' closely to one which I had previ- 
ously reported. From this it is evident that a great deal of patience is necessary 
in order to succeed in dissociating it. 

Seiffert of Freiburg recently stated that at least two years are necessary to 
dissociate the BCG cultures. It is not surprising, then, that many in the past 
have failed to corroborate my claims. 

Concerning immunity in guinea pigs, established after the vaccination with 
BCG, we failed to observe such immunity as Dr. Birkhaug reports. There is a 
degree of protection in vaccinated animals, but it is no greater than that estab- 
lished when heat-killed organisms are used. I know of no experiments, other 
, than this one reported by him, wdiere the protection %vas so great. Even the 
most ardent supporter of vaccination has failed to establish such immunity in 
gumea pigs. Professor Calmette has stated repeatedly that small laboratory 
animals are not suitable for testing the immunity established by this organism. 

I hope that the results reported here this afternoon can be repeated and con- 
firmed by other workers. I still believe that this method of vaccination should 
be a problem of the laboratory where all the evidence can be properly weighed. 
If the vaccine is found to be innocuous and efficient, only then should it be re- 
leased for use on human beings. 

(Dr. E, M. Medlar, Mt. McGregor.) In regard to BCG becoming viru- 
lent, I wish to cite one instance: about two and a half years ago, we inoculated 
a senes of guinea pigs with BCG mixed with SiOo. About six months ago 
we killed the remaining animals. None of them died of tuberculosis. There was 
one which had a slight enlargement of a lymph node on the same side in which 
the BCG had been inoculated. By inoculating this into another animal, we got 
progressive tuberculosis. The animal died within two months. 


(Dr. Camille Kereszturi, New York City.) It is interesting that Dr. Birkhaug 
med egg medium. There is evidence in the literature that egg medium may 
increase the virulence and growth of BCG. However, in Dr. Birkhaug’s experi- 
ence, this did not happen, and in Dr. Park's it did not either. Dr. Park feels that 
the egg medium probably increases the growth of BCG and not the virulence. 

A thing I should like to ask Dr. Birkhaug to do is to inject his animals in the 
stage in which they are positive to tuberculin, and inject others in the stage 
when they are negative. It is important for us to know whether we should con- 
sider children immune or relatively immune after they have lost their positive 
tuberculin test. 


The next thing I should like to ask Dr. Birkhaug is whether he would be kind 
enough to try different BCG doses, because we are using much smaller amounts 
in children. Our highest dose is 0.3 mg. by injection. If he gives to a guinea 
pig 20 mg. and has good results, this might mean that we should increase our 
^fiildren. Our chief difficulty is the determination of the ideal dose for 
^ildren. Animal experiments like his might help us somewhat in estimating 
he desirable dosage for humans. 
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karyoqrtes is admitted. The evidences for and against the distinct identities of 
the typical Langhans’ giant cells and the foreign body giant cells is weighed and 
the absence of dependable proofs of their separate natures emphasized. The 
conclusion is reached that they are probably different manifestations of one and 
the same cell. 

Discussion 

(Dr. C. A. Doan, by invitation, Columbus, 0.) I do not think we differ very 
much with either Dr. Medlar on Dr. Haythom in the interpretation of giant 
cells. We do find polymorphonuclears within the epithelioid or so-called rosette 
type more rarely than in the so-called foreign body type. There is less cyto- 
logical differentiation in considering fixed tissues than in the supravital methods. 
There seems to be no question in either type of material that both fusion and 
mitosis occur in the development of multinucleated cells. The opportunity to 
observe the presence of a rosette in cells when they are stained with neutral red 
sharply differentiates them from those without rosette and with nuclei that are 
scattered diffusely through the cell, the so-called foreign body type; such cri- 
teria in a fixed preparation would not be so apparent. With reference to epi- 
thelioid giant cells, I think supravital studies show that the nuclei are restrained 
to the periphery because of this rosette body in the center of the cells. In the 
very earliest tubercle made up of epithelioid cells, which are proliferating 
rapidly, it has been our experience in supravital studies that the so-called foreign 
body type of giant cell is exceedingly rare. In the early stages before there has 
been necrosis -with attendant foreign body reaction, only the smaller multi- 
nucleated cells with central rosette are present. There is no question, however, 
that later on we have a mixture of both types of cells, or the two morphological 
expressions of one type, whichever interpretation you care to make. 


The Eefect oe ViRtiXENCE oe Tubercle Bacilli on the Histoeathology 
OE Tuberculous Lesions in Normal Animals. E. M. Medlar and (by 
invitation) K. T. Sasano, Mt. McGregor, N. Y. 


Abstract. This study was made with two strains of tubercle bacilli, one of bovine 
origin and one of a\dan origin. In each instance we had cultures of high and of 
low pathogenicity of the same strain. The animals were all inoculated intrave- 
nously. In the case of the cultures of high virulence all of the animals died within 
two months. In the animals inoculated with bacilli of low pathogenicity none 
died even if allowed to live as long as two years. 

The essential differences in the pathology are as follows; The chief lesions 
produced by the bovine cultures of high virulence were abscesses which rup- 
tured and caused a "spreading" of the disease and by the virulent avian bacilli 
of e.tlensive mononuclear infiltration with necrosis of these cells and subsequent 
neutrophilic infiltration. The chief lesions produced by the bacilli of low patho- 
genicity were mononuclear tubercles, often with giant cells present; collections 
of ^ant cells, often with pigment; large collections of lymphocytes, and scars 
with little lymphoc>'tic infiltration. 


.. ^ studies it is evddent that the typical text-book description of 

tuberc.e represents a retrogressive or healing phase of tuberculosis. The 

.'ame is true of lesions where scar tissue and lymphocytic infiltration predom- 

csicms reprpent the pathology in normal animals infected with 

ogenicity or the lesions of successful resistance in animals or 

? vdrulence. Bacilli are absent or ex- 

trcmciy rare in such lesions. 
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emphasized that the impartial Superior Court at Liibeck clearly vindicated the 
harmlessness of the BCG vaccine. I believe one should be satisfied with this 
decision. 

New Studies on the Filtrability of Pure Cultures of the Tubercle 

Group of Microorganisms. Ralph R. Mellon and (by invitation) L. W. 

Fisher, Pittsburgh, Pa. 

Abstract. The experiments to be reported have been designed to overcome the 
last remaining obstacles to the acceptance of the view that the acid-fast group 
of bacteria possess a filtrable phase in their life cycle. The matter is thus stated 
because we have employed chiefly a timothy bacillus rather than the tubercle 
bacillus, although even with the latter, complete parallelism exists as far as we 
have gone. The organism in question grows as the tubercle bacillus, is acid- 
fast, and is indistinguishable morphologically from this organism. 

Summed up, the links in the chain of evidence are as follows: First, demon- 
stration that the acid-fast gonidia of a granular sputum pass the filter; second, 
although greatly attenuated they will cause typical tuberculosis from which the 
virulent organism may be recovered; third, that the timothy bacillus in pure 
culture forms gonidia which will germinate into the original strain or one or 
more intermediate diphtheroid strains; fourth, that identical diphtheroid strains 
dissociate spontaneously wdthout filtration; fifth, that diphtheroids with abun- 
dant add-fast granules dissociate from pure cultures of both bovine and avian 
tuberde bacilli. 

Discussion 

^ (Dr. N. W. Popoff, Rochester, N. Y.) In the experimental studies on filtra- 
bility of tuberculous microorganisms the technique used is of essential impor- 
tance, and for this reason the results reported here should be interpreted with 
great caution. In such experiments the main thing is the type of filter used. In 
his monograph on ultravirus Hauduroy says that filtration through porcelain 
bouggie, infusoria earth, caolin, and so on, must not be used any more in scien- 
tific research. The studies on tuberculous ultravirus published recently by 
Sanarelli and Alessandrini are of great significance. Their excellent methods 
discarding entirely the use of Chamberlain and Berkefeld filters ought to be 
considered as a fundamental prerequisite in research studies on bacterial fil- 
trability. 

(Dr. Fisher, dosing.) The filters used were the Berkefeld N’s and we are not 
assurning that they filter the normal tuberculosis organism, but rather the 
gonidial granules or their subdivisions. Under the conditions of the experi- 
ments we are unable to filter the tuberde bacillus itself. We do get these non- 
acid-fast forms after a period of incubation. We are at the present time attempt- 
ing measurement of these granules by indirect methods. Our contention then is 
for a filtrable phase in the life history of the tubercle bacillus, biologically dis- 
tinct from its “normal” acid-fast phase. 

Evidences of the Non-Specific Nature of the Giant Cell of Tubercu- 
losis. Samuel R. Haythom, Pittsburgh, Pa. 

Abstract. Four kinds of so-called multinucleated giant cells which have been 
descnbed in tuberculosis are discussed. The common occurrence of structures 
morphologically resembling giant cells, but in reality only caseous foci with 
marginal phagocytes is demonstrated. The occasional participation of mega- 
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but occasionally in cells of the omentum with no sign of inflammatory cells 
about them. Six days after inoculation the bacilU which were seen in cells of 
the omentum have undergone multiplication, as indicated by great masses of 
bacilli arranged in parallel chains. There is still no sign of inflammatory reac- 
tion about them. After 10 days the large masses of bacilli are no longer found 
in the omental cells, having been included, possibly, in the newly fomed tuber- 
cles. At 14 days the acid-fast bacilli, which are now found only in or about 
tubercles, stain faintly. Also at this period there appear about the larger tuber- 
cles minute granular structures which are sometimes acid-fast and sometimes 
non-acid-fast. After 17 days the tubercles and the tissues surrounding them 
contain many long, beaded bacilli which stain a bright red. 

Further Studies on the Survival Time of Tuberculous Rabbits In- 
jected WITH Ferric Chloride. Valy Menkin, Boston, Mass. 

Abstract. Previous experiments have shown that repeated intravenous injections 
of ferric chloride (0.25 per cent) are followed by an accumulation of iron in the 
caseous areas of tuberculous animals. Concomitantly with this accumulation 
it was found in a series of 16 tuberculous rabbits that there was a marked in- 
crease in the survival time as compared with that in the controb. These studies 
have been repeated and extended with some modification of technique in the 
present series, consisting of 36 rabbits, with the following results: 

1. The survival time of 10 control brindle rabbits ranged from 71 to 124 days 
with an average of 94 days. The survival time of 10 experimental brindle rabbits 
ranged from 89 to 190 days with an average of 135 days. The average increase 
in the experimental group was therefore 41 days, as compared with 48 days in 
the previous series. 

2. The average weight plotted against time showed a slight increase in weight 
in the experimental animab during part of the period of ferric chloride injec- 
tions. This was followed by a gradual fall in weight, terminating in the death of 
the last experimental rabbit the 28th week after inoculation with tubercle 
bacilli. The control group showed no average increase in weight during the 
period when the experimental animab were receiving ferric chloride injections. 
At the loth week a sharp fall in weight began to take place, terminating in the 
death of the last of the control rabbits by the 17 th week. 

3. A comparbon of the pathological appearance of the lungs revealed fewer 
tuberculous foci in the 4 shortest experimental survivors (89 to H2 days) than 
in the 4 shortest survivors of the control group (71 to 79 days). 

4. In a parallel series of 24 tuberculous rabbits the latter were either killed 
at various intervals, or, in a few cases, allowed to die of their dbease. This was 
done in order to compare the progress of the disease, as indicated by the extent 
of the pulmonary lesions, in the control and in the experimental rabbits injected 
repeatedly with ferric chloride, when both groups of animab had had the disease 
for about tlic same length of time. The interval between the injection of tubercle 
bacilli and the death of the animab ranged from 45 to 97 days. In 83 per cent 
of the animab, the tuberculous lesions in the lungs were distinctly less developed 
in the experirnental group than in the control group. These results indicate that 
repeated ferric chloride injections retard the progress of tuberculous lesions in 
the lungs of rabbits i^ccled with a bovine strain of tubercle bacilli. 

5. In a short preliminary series of 15 tuberculous rabbits, 8 of which had 
recesved a total of 45 cc. of 0.25 per cent ferric chloride followed by a total of 
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It is evident also that abscesses and caseation, which is essentially a dead 
abscess, represent the more serious and dangerous lesions in normal animals and 
in human beings, and animals with increased resistance infected with bacilli of 
high virulence. It is the formation of these abscesses with their subsequent 
rupture that leads to cavity formation, hemorrhage and serious “spreading” 
of the disease. The participation of the neutrophil in the tuberculous process 
as the predominant cell type indicates the most serious type of infection. Bacilli 
are always abundant in such lesions except in the old caseous foci. 


Discussion 


(Dr. Max B. Lurie, Philadelphia.) In regard to the correlation which Dr. 
Medlar has brought out between the polynuclear leucocyte and the tubercle 
badlh, I wish to say we have had the opportunity of following a strain of tuber- 
cle bacilli which is essentially the same type as Dr. Medlar has been using, and 
we have followed the number of bacilli present in the lesions, not by the number 
of tubercle bacilli which can be stained, but by the actual number of living 
bacilli present, as determined by culture, and it was found that the numbers of 
tubercle bacilli were greater before there w’as any imhltration of polynuclear 
leucocytes, and that wth this particular strain of tubercle bacilli, a strain which 
grows with greatest rapidity in the rabbit body, the tubercle bacilli were greatly 
reduced in number when the first stages of caseation and infiltration of poly- 
nuclears set in. One reason for the appearance of the polynudears in the lesion 
IS the death of the cells and the release of the remaining contained bacilli. 

(Dr. N. W. Popoff, Rochester, N. Y.) Have you noticed any definite relation 
between the type of cytological, experimentally produced change, and the 
picture of the blood? 


(Dr. Medlar, closing.) The question of trying to determine from sections 
whether tubercle bacilli are living or not is of course impossible. AU I can say 
IS that during the first process where the monocyte is predominant, there is an 
increase of tubercle bacilli w'hich causes disintegration of the monocytes. Sub- 
sequent to the degeneration of the monocytes there occurs an influx of the poly- 
nuclear leucocyte. Whether tubercle bacilli are killed before the polymorpho- 
nuclear leucocytes get in, I do not know, but certainly we get a tremendous 
increase of stainable bacilli when the sections are full of polymorphonuclears. 

In regard to the question about the blood, I may say that for the last five 
years I have been doing a large number of leucocyte counts; we have had over 
30,000 of them, and we have followed a great many tuberculous cases by weekly 
counts for a year or more. We have done studies on rabbits also. I have not 
seen any case which had progressive tuberculosis in which the neutrophil was 
not mcreased in the circulation. The percentage of neutrophils may be normal, 
ut in such instances one may find a larger number of immature neutrophils in 
e circulation than of the mature. 


Changes which Occur in the Tubercle Bacillus in Relation to the De- 
veloping Tubercle. C. Eugene Woodruff, Nashville, Tenn. 

Following intraperitoneal inoculation of tubercle bacilli in the guinea 
pig the bacilli collect in large part in the omentum. By studying “spread” 
oculations of the omentum, stained by Ziehl-Neelsen’s method, morpho- 
fo? d in the bacilli have been identified. After 48 hours the bacilli are 

u bunched in certain cells — usually in polymorphonuclears or monocytes, 
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22 cc. of 5 per cent CaCh, only a relatively slight increase in the survival time 
■was found in the experimental group of tuberculous rabbits amounting to about 
27 per cent over that of the controls. Further studies are now in progress on 
this phase of the problem. 

6. In vitro studies show that when to a saline suspension of Ravenal bo'vine 
tubercle bacilli 0.25 per cent of ferric chloride is added, a flocculent yellowish 
precipitate (probably a ferric proteinate) sinks to the bottom of the test tube, 
leaving a clear supernatant fluid. 

The data in the published and in the present studies of tuberculous rabbits 
repeatedly injected intravenously for 10 and 20 weeks respectively with 0.25 per 
cent ferric chloride show that concomitantly with an accumulation of iron in 
caseous areas there is a retardation in the development of tuberculous lesions in 
the lungs, as well as a significant increase in the survival time of experimental 
animals. 

Discussion 

(Dr. E. M. Medlar, Mt. McGregor.) I should like to ask whether careful 
histological studies were made of any of the lesions, because if this treatment 
has a beneficial effect on the tuberculous lesions, certainly the lesions from 
animals so treated should be very different histologically from those in the un- 
treated animals. 

(Dr. C. A. Doan, Columbus.) Were any cytological studies of the blood, 
particularly of the red cells, made? There is a definite decrease in the color 
index in chronic tuberculosis, and I wonder if these injections of iron had any 
influence upon this phenomenon in the peripheral circulation itself. 

(Dr. Menkin, closing.) In answer to Dr. Medlar’s question, we have not yet 
studied these lesions histologically in a very extensive manner, but in some 
cases that we have studied, however, the type of tubercle is very much like 
those shown here to-day, with the usual caseation in the center, and mono- 
nuclear phagocytic response at the periphery. We were interested to know 
whether there would be a greater fibroblastic proliferation about the lesions, 
but I was unable to find anything very consistent; some lesions showed at their 
periphery a great deal of vascular engorgement, but we also found that in some 
of the controls. 

In reference of Dr. Doan’s question, I think that the results of our experi- 
ments indicate that concomitantly with the accumulation of iron in tubercu- 
lous areas there is a prolongation in the survival time of experimental animals, 
but it is conceivable at the same time that there may be other factors concerned 
m explaining the effects on the course of the disease besides the accumulation 
of iron in tuberculous foci. I have done hemoglobin determinations and total 
leucocyte counts for several weeks on two rabbits, and I have found no appre- 
ciable change, but I have as yet made no studies of the color index. 

The Persistence oe Tuberculous Ineections. H. E. Robertson, Rochester, 
Minn. 

Abstract.^ Routine studies of tuberculous foci examined by stained sections show 
a surprismg number in which signs of latent or persistent activity of the infec- 
tion are indubitably present. In many such cases there has never been even a 
suspicion of the disease during life. The study strengthens the assumption 
once infected (with tuberculosis) always infected,” which is a safe but probably 
not a wholly true generalization. 
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For purposes of this study endocarditis has been classified as 
follows; 

I. Rheumatic endocarditis 
II. Bacterial endocarditis 

A. Primary bacterial endocarditis 

{a) Acute 

(5) Subacute 

B. Secondary bacterial endocarditis 

Rheumatic endocarditis is defined anatomically as the type in 
which the vegetations are all small and firm and incapable of form- 
ing emboli. The diagnosis is based entirely on the structure of the 
vegetations. No case was excluded because of failure to demonstrate 
Aschoff bodies in the myocardium. Bacterial endocarditis includes 
all instances in which the vegetations are soft and friable. Cases in 
which lesions of both types are present have been classified as bac- 
terial endocarditis. 

Only active rheumatic endocarditis has been studied. This is 
regarded as acute when there is no scarring of the leaflets, and re- 
current when the leaflets show fibrous thickening from a former 
infection. Old healed rheumatic valves, that is, those without fresh 
vegetations, have been excluded from this study. 

Bacterial endocarditis is divided into a “primary” type which 
seems to begin as a bacteremia, and a “secondary” t)^e in which 
the invasion of the blood stream is obviously secondary to a previ- 
ously established infection such as acute endometritis. 

The distinction between acute and subacute endocarditis is arbi- 
trary. Thayer ^ grouped all cases with a duration of less than one 
month as acute, but we have used a duration of six weeks as an 
arbitrary line of separation. The duration indicated in the tables is 
the estimated period in which the infective process was present, as 
indicated by chills, fever, positive blood cultures, enlargement of 
the spleen, embolic processes, and so on. But when a patient with 
cardiac decompensation from an old valvular defect develops acute 
endocarditis it is frequently impossible to determine the time of 
onset of the infectious process unless a thorough clinical study has 
been made. For this reason there is, no doubt, some error in the 
separation of the acute and subacute groups. 

It uould have been better to subdivide bacterial endocarditis still 
farther on the basis of etiology, as streptococcic, pneumococcic, 
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GLOMERULAR LESIONS ASSOCIATED mTH ENDOCARDITIS * 

E. T. Beli., M.D. 

{Prom the Department of Pathology, University of Minnesota, Minneapolis, Minn!) 

Since Lohlein’s publication in 1910,^ it has been known that focal 
glomerular lesions may occur in the course of subacute bacterial 
endocarditis. The purpose of this investigation is to study in detail 
the pathogenesis of the focal lesions and also to describe other 
glomerular lesions associated with endocarditis that have heretofore 
received little or no attention. 

The material available for study consisted chiefly of small pieces 
of kidneys preserved in formalin or tissues embedded in paraffin. 
Paraffin sections were cut and stained with hematoxylin and eosin, 
and azocarmine. Tissues preserved for ten years or longer in forma- 
lin stain fairly well with azocarmine if they are given a preliminary 
treatment with ammonia water and are refixed in Zenker’s or HeUy’s 
fluid. Material secured fresh during the course of this study was 
usually fixed in Helly’s fluid. The best results are obtained when 
fixation is accomplished by injection of the fixing fluid into the renal 
artery. In calculating the percentage of the various types of glomer- 
ular lesions, 100 or more glomeruli were examined. In most in- 
stances, however, only one block of tissue was available and it is 
recognized that this is a possible source of error. When the per- 
centage of involved glomeruli is high, embolic lesions are found in all 
sections examined, but when the percentage is low, some sections 
show no embolic lesions. It is therefore possible that the study of 
numerous sections from various parts of the kidneys would have 
revealed some embolic lesions in the group that are recorded as 
negative. 

This invesUgaiion was aided by a grant from the Ella Sachs Plotz Foundation. 

Received for publication April 26, 1032. 
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TABtE I 


Acute Bacterial Endocarditis * 


Number 

Age : 

Sex 

Duration 

Old 

valvular 

defect 

Blood 

culture 

Weight . 
of spleen 

Glomerular lesions 

Infarcts : 

Embolic 

Diffuse 


years 





gm. 




14-209 

42 

M 

I wk. 

+ 

0 

32s 

+ 


4 - 

IS-39I 

43 

M 

3 wk. 

— 

0 

153 




i 6 -S 4 

35 

M 

2 wk. 

— 

0 

762 

•i* 



16-128 

19 

F 

5 days 

+ 

0 

350 

— 



17-31 

19 

M 

3 wk. 

"h 

s.h. 

465 


— 


17-213 

43 

F 

2 wk. 

— 

0 

32s 

— 



19-197 

34 

F 

6 days 


0 

520 




20-2 

18 

M 

5 wk. 

+ 

0 

280 

4 - 

— 


21-124 

78 

M 

4 wk. 

+ 

0 

130 

4 * 

— 

— 

22-148 

19 

F 

I mo. 

— 

0 

270 

+ 

*— 

•h 

25-600 

38 

F 

10 days 

+ 

0 

375 


— 

— 

25-1022 

41 

F 

I mo. 


0 

? 

+ 

— 

' — 

26-600 

2 

F 

I mo. 

— 

s.v. 

60 

— 

— 

■ 

26-635 

52 

M 

? 

- 

0 

250 

— 

1 _ 

+ 

26-818 

25 

M 

4 days 

— 

0 

190 

+ 

— 

— 

27-306 

24 

F 

3 days 


0 

300 

+ 

a 


27-479 

33 

F 

1 mo. 

- 

0 

155 

4 * 


4 " 

37-S47 

12 

F 

10 days 

_ 

St. 

55 

- 

— 

— 

27-1008 

S8 

F 

I mo. 

+ 

0 I 

210 1 

4 " 

— 

— 

28-185 

16 

F 

I wk. 

— 

St. 

400 

4 - 

a 

— 

28-186 1 

39 

M 

2 days 

+ 

s. 

275 

- 

a 

— 

28-343 

26 

M 

I mo. 

+ 

s.v. 

420 

+ 

— 

+ 

2S-481 

18 

M 

5 wk. 

— 

0 

550 

— 

- 

— 

28-520 

57 

M 

5 days 

+ 

0 

310 

4 - 

+ 

— 

28-1251 

34 

F 

? 


0 

160 

— 

— 

— 

28-1276 

55 

M 

? 


0 

215 

— 

— 

4 * 

28-1347 

30 

M 

? 

— 

0 

85 

+ 

— 

— 

28-1348 

64 

M 

3 wk. 

— 

s.v. 

300 

4 " 

— 

- 

28-1628 

21 

M 

5 wk. 

— 

s.v. 

340 

+ 

— 

4 * 

29-736 

31 

M 

6 days 

— 

0 

200 


a 


29-824 

37 

F 

3 wk. 


pn. 

200 

— 

— 

4 * 

29-1229 

24 

F 

1 mo. 

— 

— 

340 

+ 

— 

+ 

29-1278 

42 

M 

6 days 


0 

660 

+ 



29-1307 

26 

M 

10 days 

- 

s.h. 

425 

+ 

4 - 

— 

29-136S 

55 

F 

I mo. 

+ 

0 

140 

+ 

— 

— 

29-1387 

■ 44 

F 

2 wk. 

+ 

0 

475 


+ 


29-1406 

. 29 

F 

3 wk. 

— 

0 

100 

+ 



29-1441.... 

21 

F 

I mo. 

— 

St. 

350 

+ 

.... 

— 

29-1333- ••• 

. 72 

F 

? 

+ 

0 

90 

4 * 



29-1574.... 

. 46 

M 

1 mo. 

— 

0 

94 

4 " 


+ 

29-1893 

. 69 

F 

I mo. 


s.v. 

290 




30-85 

• 52 

F 

? 

+ 

0 

225 




30-226 

• 27 

M 

5 wk. 

+ 

0 

32s 

— 

— 

— 


« « *r in'3icat« that Elotr.eruI.ir alwcesses were prcjent. Under blood culture 

o .-..tea t at no h.xvl culture was made; ».h. Streptoc<Kcux hcmolyticur, s.v. SlrcptococeuJ tiridans', 
«. i.rrrocxcott o! undeimnmed type; st. etaphylococcus; pn. pncuraococcua. 
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Staphylococcic, gonococcic and influenzal, but the bacterial studies 
of our material are too meager to be of much value in this direction. 
Various investigations indicate that streptococci are responsible for 
nearly all cases of subacute endocarditis and a large proportion of 
the acute cases. There is no evidence that the streptococci found in 
the acute type are different from those in the subacute form. Endo- 
carditis, caused by organisms other than streptococci, is nearly al- 
ways of acute t3rpe, but there are occasional exceptions. Acute and 
subacute endocarditis cannot be separated satisfactorily on an 
etiological basis. 


I. Rheumatic Endocarditis 

The kidneys from 104 cases of active rheumatic endocarditis have 
been examined. In every instance fresh rheumatic vegetations were 
found on the valve leaflets. In 53 cases there was no evidence of old 
valvular disease, and the lesion was therefore regarded as acute. In 
51 cases the lesion was regarded as a recurrent acute infection be- 
cause of the presence of old scar tissue in the leaflets. There is no 
significant difference in the incidence of glomerular lesions in the 
Jicute and recurrent forms. In 81 of the 104 cases (77.8 per cent) 
flic glomeruli are either entirely normal or they show only a slight 
alteration. In one instance a typical advanced chronic diffuse 
glomerulonephritis was present. In the remaining 22 cases (21 per 
cent) the glomeruli show a moderate but definite acute diffuse in- 
ammatory reaction. Nearly all of the glomeruli are involved, 
nere is a definite increase in the number of endothelial cells and 
eir cj’-toplasm has become conspicuous. The capillary basement 
tnembrane is occasionally thickened. The appearance is such as is 
s own in Figure i. Occasionally there is also a notable increase in 
t le nuniber of leukocytes in the glomerular capillaries. 

he increase of endotheliimi is much less prominent and the 
capillary obstruction much less pronounced than in clinical acute 
g omerulonephritis. There are no intracapillaiy fibers but in other 
^c>pecls the lesion differs only in degree from the clinical case. It 
probable, however, tliat lesions of this moderate degree readily 
return to normal and do not often progress to the extent of com- 
P’ctccapillarA. obstruction. 

2 of the 22 cases the endotlielial proliferation is very prominent 
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valvular defects ■mth cardiac decompensation, and the presence of 
active endocarditis was not recognized clinically. In the other 6 
cases the records are incomplete, but the duration was probably 
less than six weeks. Old valvular defects were present in 15 of the 
56 cases (27 per cent). Blood cultures are recorded in only 16 cases. 
Of these, 6 showed Streptococcus niridans, 2 Streptococcus hemolyticuSf 

1 streptococcus of undetermined t5T)e, 3 staphylococcus, 1 pneu- 
mococcus, and 3 were negative. 

The average weight of the spleen in 52 adults was 316 gm. The 
weight was 400 gm. or more in 13 instances. Infarction of the spleen 
or kidneys was present in 34 instances (61.7 per cent). 

Glomerular lesions of embolic type were found in only 4 cases. 
In 3 of these, only small fresh intracapillary thromboses were found, 

2 to 6 per cent of the glomeruli being involved. In the fourth case 
(29-1387), 3 per cent of the glomeruli showed small focal fibrous 
lesions, but no fresh lesions were found. The fibrous lesions may 
have resulted from an active endocarditis some time previous to the 
terminal attack, since an old valve defect was present. 

There were 16 instances of acute diffuse glomerulitis, 2 of which 
were of exudative type and the others proliferative. Glomerular 
abscesses were found in 4 instances. 

(&) Subacute Cases: (Table II.) Sixty-seven of the 108 cases 
(62 per cent) of this group were examples of active endocarditis on 
leaflets thickened by a previous rheumatic infection. In 46 cases 
no blood culture was made. In the remaining 62, ii were nega- 
tive, 28 showed Streptococcus viridans, 7 Streptococcus hefnolyticus , 
14 streptococci of undetermined type, and 2 cocci of imdetermined 
t3fpe. The negative cultures were chiefly from cases in which only 
one blood culture was made. 

Secondary anemia of some degree was found in almost every in- 
stance in which the blood was examined. The average weight of 
loi spleens was 419 gm. The weight was 400 gm. or more in 43.5 per 
cent, and 6co gm. or more in 19.4 per cent of the cases. Infarction 
of the spleen or kidneys occurred in 69.4 per cent, only a little above 
the incidence of infarction in the acute group (Table IV). 

^ In 19 of the ic8 cases studied (17.6 per cent) all the glomeruli were 
either entirely normal, or they showed only minor alterations, such 
as a slight increase in the prominence of the endothelium or a little 
uneven thickening of the capillary basement membrane. They were 
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Table I (continued) 


Number 

Age 

Sex 

Duration 

Old 

valvular 

defect 

Blood 

Weight 

Glomerular lesions 

culture 

of spleen 

Infarcts 

Embolic 

Diffuse 

30-589 

■ 

years 

S 3 

F 

? 

+ 

0 

gm - 

300 




30-1465 

12 

F 

1 wk. 

+ 

0 

4 SO 

— 

— 

+ 

30-1655 

61 

M 

2 wk. 


0 

314 

— 



30-1776 

17 

F 

? 


0 

27s 

+ 

— 

— 

31-99 

3I 

M 

8 days 

+ 

0 

too 

— 

— 


31 -SS 4 

39 

M 

I wk. 

+ 

0 

17s 


— 

+ 

31-579...... 

SO 

F 

I mo. 

— 

— 

710 

+ 

— 

+ 

31-708 

IS 

F 

3 wk. 

+ 

0 

344 

+ 

_ 


31-939 

42 

F 

S wk. 

— 

0 

133 

+ 

— 

— 

31-1032 

4 S 

M 

? 

+ 

0 

400 

+ 

— 

+ 

31-1193 

26 


? 


0 

37 S 

— 

— 


31-1369 

30 

M 

? 

+ 

s.v. 

250 

— 



31-1762 

SI 

M 

3 wk. 



68s 

+ 

+ 

+ 


but still less pronounced than in a clinical case of acute glomerulo- 
nephritis. 

In 3 of the 22 cases with acute diffuse glomerulitis, lesions of em- 
bolic type were also found in the glomeruli. The number of glo- 
nieruli involved was i, 10 and 25 per cent respectively in the 3 
cases. The lesions were all intracapillary thromboses. These will 
be described later, since they are similar to the small fresh lesions 
of subacute bacterial endocarditis. 


. There is no evident relation between acute glomerulitis and asso- 
ciated terminal infections. It is just as frequent in those dead of 
cardiac decompensation as in those with terminal pneumonia, peri- 
tonitis, and so on. 


II. Bacterial Endocarditis 

A. total of 233 cases has been studied, of which 164 were primary 
and 69 secondary. Of the 164 primary infections, 56 were classed 
as acute and 108 as subacute. 


A. F rimary Bacterial Endocarditis 

(fl) Acute Cases: The 56 cases of this group are listed in Table I. 
will be noted that the duration of the infective process was not 
O'wn accurately in ii instances. Five of these patients had old 




















Table II 

Subacute Bacterial Endocarditis 



C 3 
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classified as normal unless the alterations were definite, as shown 
in Figure i. The group with normal glomeruli show no dis- 
tinctive difference in the duration of the disease, but there is evi- 
dence that cardiac decompensation was a more important factor 
than septicemia in causing death. The average weight of the spleen 
in these 19 cases was 291 gm., as compared with 419 gm. for the 
entire group, and 449 gm. for the group in which glomerular lesions 
were present. In a general way, the size of the spleen depends upon 
the duration and the intensity of the infective process, and it may 
be inferred that glomerular lesions depend upon these same factors 
in the disease. 

Diffuse glomerulitis was found in 64.8 per cent, with embolic 
lesions in 35.2 per cent, and alone in 29.6 per cent. Embolic lesions 
were found in 52.8 per cent, with diffuse glomerulitis in 35.2 per 
cent, and alone in 17.6 per cent. In the group with embolic lesions 
only, the average weight of 17 spleens was 331 gm., as compared 
with an average of 480 gm. in those with diffuse glomerulitis. There 
were 3 very large spleens in the purely embolic group, but there 
IS a suggestion that the septicemia was less intense than in those 
with diffuse glomerulitis. 

It is to be noted that both embolic and diffuse glomerular lesions 
were present in 35.2 per cent. Very frequently a glomerulus showed 
an embolic lesion in one lobule and diffuse glomerulitis in the others. 
The lesions did not exclude one another except when the embolic 
lesion was very large, and when the glomerulitis was as pronounced 
as in climcal glomerulonephritis. 

B. Secoiidary Bacterial Endocarditis 

Sixty-nine examples of this group were studied (Table III), 
ndocarditis was always a distinctly secondary process and was 
never recognized clinically. It was not considered the cause of 
death in any instance, and was presumably a terminal infection. 

was associated with definite infectious processes in 42 instances, 

0 which the most frequent were acute endometritis (14), and lobar 
pneumonia (9). In these the duration given in the table is that of 
6 major illness and therefore it represents the maximum possible 
nration of the endocardial disease. In 27 instances endocarditis 
^•ppeared as a terminal complication of some non-infective process. 



TABtE II (continued) 
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* Under blood culture “o” indicates that no culture was made; s.v. Slreplocecciis viridansf s.h. Slrpetocaccus hemotylicus: s. streptococcus of undetermined type; 
;. coccus of undetermined type. 



Table III 

Secondary Acute Bacterial Endocarditis 
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usually of chronic nature. The duration of the endocarditis in this 
group could seldom be determined. There were 8 cases of carcinoma 
of the stomach. 

In 59 instances there had been no previous valvular disease, but 
in 10 the vegetations formed on old healed rheumatic valves. Blood 
cultures, which were made in only 20 cases, showed Streptococcus 
hcmolyticus 10, Streptococcus viridans 2, streptococcus i, pneu- 
mococcus 2, staphylococcus 2, negative 3. 

The average weight of 59 adult spleens, not including leukemia, 
was 307 gm. Seventeen of these weighed over 400 gm. The largest 
spleens were found in association with acute endometritis, the aver- 
age weight being 448 gm. The role of infection m causing enlarge- 
ment of the spleen is obvious. The average weight of the adult 
spleen in 21 instances where endocarditis was a terminal complica- 
tion of a chronic disease was 207 gm., exclusive of leukemia. In 
38 cases where death was due entirely to an acute infectious process, 
the average weight of the spleen was 363 gm. 

Acute diffuse glomerulitis was found in 23 instances (33.3 per 
cent), 17 times in association with definite infectious processes and 
6 times with chronic diseases. The average weight of the spleen in 
the cases with glomerular lesions was 352 gm., and in those without 
glomerular lesions 267 gm., but there were several very large spleens 
in cases without glomerulitis. 

Embolic glomerular lesions were found in 4 cases. Infarction of 
the spleen or kidneys was present in 30 cases (43.4 per cent) and 
absent in 39. 

A summary of some of the data reviewed in the preceding para- 
graphs is given in Table IV. 


Diteuse Glomerulitis 

This lesion was evidently recognized by Lohlein in 1910, since 
he noted that the capillary loops of many glomeruli were thicker 
and broader, the nuclei increased above the normal, and the lumens 
of die capillaries apparently filled with protoplasm. The lesion 
consists chiefly in an increase in the size and number of the en- 
dothelial cells, but there is also a thickening of the capillary base- 
ment membrane in many instances. The glomeruli are not enlarged, 
but they have an avascular solid appearance. The lumens of the 
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* Under blood culture "o” indicates that no blood culture was made; s.v. Streptococcus viridans; s.h. Streptococcus hetnolyticus; s. streptococcus of undetermined 
}; St. staphylococcus; and pn. pneumococcus. 
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acute endocarditis the average weight of the spleen is much greater 
(449 gm.) in cases where glomerular lesions are present than in those 
vith normal glomeruli (291 grn.)* In both forms of acute bacterial 
endocarditis the spleens are smaller and the incidence of glomeru- 
litis is less than in the subacute type. Both the duration and the 
intensity of the infection are factors in the development of glomeru- 
litis. Glomerulitis is more frequent than embolic lesions in subacute 
endocarditis. 

Clinical acute glomerulonephritis in association with endocarditis 
is interpreted as the result of the infection responsible for the endo- 
carditis, but chronic glomerulonephritis is evidently due to an ante- 
cedent infection. A contracted kidney cannot develop in the com- 
paratively short course of endocarditis. 

The Embolic Lesions 

The embolic lesions were described by Ldhlein in 1906® and 
igio.^ Bachr has made important contributions to this subject 
in a series of papers published from 1912 to 1923. In his first com- 
munication, Lohlein interpreted the lesions as capBlary thromboses, 
but in his second paper he explained them as small infarcts resulting 
from the lodgement of minute infected emboli detached from the 
valves of the heart. Both Baehr, and Fahr,® agree with this latter 
interpretation. 

Ldhlein found typical embolic lesions in each of 8 cases of “ chronic 
ulcerative endocarditis," but noted great variations in the number 
of glomeruli involved. In 3 of his cases Streptococcus viridans v/as 
obtained in blood culture. 

Baehr ® believed that only subacute streptococcus endocarditis 
is associated with embolic lesions. He found typical lesions in 21 
of 25 such cases in which the blood culture was positive for Strepto^ 
coccus viridans, and in 6 of 7 cases with negative blood cultures. 
The percentage of involved glomeruli varied from 2 to 75 in the 
group. Xo lesions were found in i instance of influenzal and an- 
other of gonorrheal endocarditis. In 54 instances of acute endo- 
carditis ‘due to ordinary pathogenic bacteria” no embolic lesions 
Were found. Baehr seems to distinguish “acute” from “subacute” 
endocarditis by the kind of organism obtained in blood culture 
rather than by the duration of the disease. In 75 cases of verrucous 
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capillaries are decreased in size by encroachment of the endothelial 
ceils and the basement membrane (Fig. i). Sometimes the thick- 
ened basement membrane is more responsible than the endothelium 
for this appearance. Occasionally a few polymorphonuclear leu- 
kocytes are found in the capillaries. The lesion is not identical 
with clinical acute glomerulonephritis, since the capillary obstruc- 
tion is much less pronounced and no intracapillary fibers are found, 
but the difference is chiefly in the intensity of the reaction. In 
association with subacute endocarditis (Table II) there were 7 
examples of typical acute glomerulonephritis, and there were 2 other 
cases in which the lesion was nearly as prominent as in clinical acute 
glomerulonephritis. It may be safely inferred that the moderate 

Table IV 


A Comparison of the Four Forms of Acute Endocarditis with Respect to Glomerular 
Lesions, Size of Spleen, and Frequency of Infarction of the Spleen and Kidneys 


Endocarditis 

Number 

examined 

Embolic 

lesions 

Diffuse 

glomcru- 

litis 

1 

Normal 

Weight 
of spleen 

Infarcts 



per cent 

per cent 

per cent 

sm. 

per cent 

Rheumatic 

104 

2.9 

22.2 

77.8 

0 

0 

Acute primaiy bacterial. . . 

S6 

|M| 

28.6 

66 

316 

61. 7 

Subacute bacterial .... 

108 

52.8 1 

64.8 

17.6 

419 

69.4 

Secondary acute . . . 

69 

5-8 

33-3 

. 63.7 

307 

43-4 


diffuse glomerulitis, formd so frequently with endocarditis, is a true 
glomerulonephritis differing only in intensity from the clinical form. 
Symptoms do not develop unless capillary obstruction is fairly 
pronounced. 

Usually diffuse glomerulitis involves nearly all of the glomeruli, 
but in a few instances only a small proportion of them are affected. 
When associated with embolic lesions the lobules not involved in 
the embolism commonly show the characteristic diffuse reaction. 

The causative factor in diffuse glomerulitis is evidently infection. 
Glomerulitis occurs in all forms of endocarditis but is much more 
requent in the subacute form. Presumably its greater frequency 
in this group is due to the more prolonged and more severe septi- 
cemia. It was pointed out in a preceding paragraph that in sub- 

























BELL 


656 

forms of endocarditis, in endocarditis due to organisms other than 
streptococci, and even in the absence of endocarditis of any kind. 

VvTiat are the factors which influence the formation of embolic 
lesions in bacterial endocarditis? It is obvious that the duration of 
the infection is of great importance, since the lesions are rare in the 
acute cases of less than six weeks duration and frequent in those of 
longer standing (see Table W); but beyond the six weeks period no 
definite influence of the time element can be made out. The lesions 
are just as frequent at two or three months as they are after six 
months. They are usually caused by Streptococcus -oiridans, but may 
be produced by Streptococcus hemolyticus and other organisms. 
Staphylococcic infections, however, cause glomerular abscesses and 
not embolic lesions of the type under discussion. There is no evident 
relation to gross infarction in the spleen and kidneys, since infarction 
is nearly as frequent in the acute as in the subacute group (Table IV). 
However, in the subacute group embolic lesions were found in 
57 per cent of those with infarcts and in 35 per cent of those without 
infarcts. The vegetations on the valves are commonly larger and 
more numerous in subacute than in acute endocarditis, and we 
would therefore expect a smaller number of involved glomeruli in 
the latter, but not a complete absence of the lesions, since gross in- 
farction occurs readily. The fact that a certain duration of the in- 
fection is necessary suggests that immune bodies may play a role in 
tlie formation of the glomerular lesions. We do not imderstand why 
cases of subacute bacterial endocarditis that are similar in clinical 
and anatomical features show variations from o to 99 per cent in 
the number of glomeruli with embolic lesions. 


The Structure of the GLOiiERULAR Lesions 

Two distinct t}q)es of lesions arc found in embolic glomerulo- 
nephritis, the fresh or hyaline, and the fibrous. In sections stained 
vrith hematox>din-eosin the hyaline lesions take a deep eosin stain 
and appear homogeneous, W'liilc the fibrous lesions stain less in- 
tensely with eosin and have a fibrous structure. In such prepara- 
tions one gel.s the impression that the hyaline lesions are gradually 
transformed into the fibrous. Baehr came to this conclusion and 
mterpreted the hyaline as recent and the fibrous as old lesions. 
Jhc axocarmme stain, however, shows a sharp contrast between 
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(rheumatic) endocarditis Baehr and Sacks® found no embolic 
lesions, but they mentioned 2 cases with thromboses of capillary 
loops. 

Miller and Branch described t3^ical embolic lesions in a case of 
endocarditis of fifty days duration caused by a hemophilic bacillus 
resembling B. influenzae. 

In our experience, embolic lesions are not limited to subacute 
Streptococcus viridans endocarditis. They may be caused by Strepto- 
coccus hemolyticus, and they are also found in acute endocarditis. 
In 3 of 104 cases of rheumatic endocarditis capillary thromboses 
were found which correspond to the early stages of the embolic 
lesions. In 4 of 56 cases of acute endocarditis (duration of less than 
six weeks), and in 4 of 69 cases of secondary endocarditis embolic 
lesions were found. Most of these were small capillary thromboses, 
but some were typical large embolic lesions. In our series of 108 
cases of subacute bacterial endocarditis embolic lesions were found 
in only 52.8 per cent. This is a surprisingly low figure in comparison 
with Baehr’s observations, but it is a much larger series and includes 
all cases which came to autopsy from 1911 to 1932. The percentage 
of involved glomeruli varied from 2 to 99 per cent. It was over 
50 per cent in 18, and 5 per cent or less in 8 cases. 

In 1923 Baehr mentioned 2 instances in which embolic glomerulo- 
nephritis occurred in the absence of endocarditis. Fahr ° also re- 
corded a similar case. In our series there was i such instance in a 
man 27 years of age, who underwent nephrectomy for a tuberculous 
kidney and died nine days later from infection of the wound, ery- 
sipelas and septicemia. The kidney removed at operation showed 
no glomerular disease, but the one obtained at postmortem showed 
acute glomerulonephritis and numerous typical embolic lesions. 
There was no endocarditis. 

Fahr believes that embolic lesions occurring in the absence of 
endocarditis are caused by clumps of bacteria which lodge in the 
capillaries, but it is improbable that masses of bacteria in the circu- 
lating blood are of sufficient size and firmness to produce infarction. 
They no doubt lodge in the capillaries, but the necrosis of the glo- 
merulus is probably a toxic effect rather than the result of infarction. 

It may be concluded that embolic glomerulonephritis occurs 
^lefly in association with subacute streptococcic endocarditis, but 
It may also develop occasionally in rheumatic endocarditis, in acute 
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infarction of a glomerulus is seen in hypertension with acute uremia, 
and is caused by necrosis and sudden occlusion of the afferent 
arteriole. The glomerulus shows dilated capillaries with necrosis of 
their walls but no thrombi. There is no resemblance to embolic 
glomerulonephritis. 

Clawson obtained true embolic glomerulonephritis in rabbits by 
intracardiac injections of finely ground agar seeded with strepto- 
cocci. Inflammatory lesions of low intensity developed about the 
masses of bacteria but no infarction of the glomeruli resulted. 

The lesions are embolic in the sense that they are caused by the 
lodgement of minute infected emboli in the glomerular capillaries. 
Toxic substances arising from the mass of bacteria are presumably 
responsible for capillary thrombosis and necrosis. The focal char- 
acter of the lesion indicates that the bacterial bodies and not their 
soluble toxins are responsible. Neither Lohlein nor Fahr was able 
to demonstrate bacteria in the embolic lesions, but Baehr succeeded 
in demonstrating bacteria in 5 instances. Even after prolonged 
seardi we have been unable to find bacteria in our material, although 
all the cases showing large fresh lesions were investigated. 

In the case of embolic lesions without endocarditis it is easily 
possible that bacteria taken up by pol3nnorphonuclear leukocytes 
and subsequently liberated in the glomerular capillaries by necrosis 
of the leukocytes, may produce focal lesions. Fahr demonstrated 
bacteria in the lesions in his case of embolic glomerulonephritis 
v.ithout endocarditis. 

\\Tiat is the ultimate fate of the fresh hyaline lesion? Does it dis- 
integrate and disappear, or is it converted into a fibrous lesion? 
Baehr is definitely committed to the latter view. He believes that 
fibroblasts from without invade the hyaline lesion and convert it 
into fibrous tissue. Falrr believes that the hyaline lesion becomes 
fibrous but does not indicate how the process comes about. In 
preparations stained wth hematoxylin and eosin one gets the im- 
pression that there are transitions between the fresh hyaline and 
the fibrous lesions, but with the azocarminc stain it is clear that this 
is not the case. The hyaline lesions become necrotic, disintegrate 
and disappear. Around some of them there is a thickening of the 
basement mcnabrane which produces a fibrous appearance, but 
ihiv alteration is around the lesion and not within it. 

In the subacute group there were 13 instances in which only the 
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Complete closure of a glomerulus results in atrophy of its associ- 
ated tubule. When a large proportion of the glomeruli are obliter- 
ated by embolic lesions, death results from uremia. In 5 cases of 
subacute bacterial endocarditis the embolic lesions were so extensive 
that uremia developed. In 3 of these, large fibrous lesions were re- 
sponsible and in 1, large, fresh, hyaline lesions. In the fifth case the 
glomeruli were destroyed by large, fresh, hyaline lesions and large, 
fibrous crescents which compressed the glomeruli. 

In the subacute group there were 7 instances of acute glomerulo- 
nephritis and 3 of chronic glomerulonephritis in which there was 
ample anatomical evidence of severe renal insufficiency. Therefore, 
in the subacute group there were 15 cases with anatomical evidence 
of marked renal insufficiency, 10 due to diffuse glomerulonephritis, 
and 5 due to embolic lesions. Sdfiele reported 2 cases of embolic 
glomerulonephritis terminating in uremia. In i of these there was 
no endocarditis. In 77 cases of subacute streptococcus endocarditis 
Baehr ® reported nine deaths from uremia, two of which were due to 
acute and seven to chronic glomerulonephritis. 

Epithelial crescents are a prominent feature in subacute bacterial 
endocarditis. They were found in 31 per cent, always in association 
with diffuse or embolic lesions. In 3 instances they were associated 
with diffuse glomerulitis, in 2 with embolic lesions, and in 29 with 
both diffuse and embolic lesions. Shortly after its formation, fine 
fibem appear between the epithelial cells of the crescent (Fig. 9). 
These increase in size and number until the entire crescent has a 
dense fibrous structure (Fig. 10). The fibers are formed entirely 
under the influence of the epithelial cells; there is no invasion of the 
crescent by fibroblasts from -without. After the fibers have become 
coarse they give the staining reactions of collagen. Fibrous crescents 
compress the glomeruli and stop the capillary circulation. The result 
of this compression is a collapse of the capillaries and a marked 
thickening of their basement membranes. Finally the thickened 
membranes fuse into a rather homogeneous mass. Many glomeruli 
arc obliterated by epithelial crescents. 


It IS to be noted that in glomerulonephritis fibers form inside the 
capiilancs from endothelial cells and in the crescents from mesen- 
chymal epithelial cells. The term -fibroblast” can no longer be 
restricted to cells of the connective tissues. ° 
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fresh hyaline lesions were present. Five of these were of only six 
weeks duration, but in 2 the endocarditis had been present for five 
months, and in i for one year. The presence of fresh lesions only 
does not necessarily indicate that the disease is of short duration. 
In 3 instances only fibrous lesions were found. The duration of 
these cases was two months, ten weeks, and six months respectively. 
In the great majority of cases both types of lesions are present. 

The Fibrous Lesions: The fibrous lesions are a little less frequent 
than the fresh hyaline. With azocarmine the former are colored a 
deep blue and the latter a bright red. The contrast between the two 
types is very striking. Evidently a somewhat longer time is re- 
quired for the development of tlie fibrous lesions than for the fresh 
hyaline, since the former are rarely found in any form of acute endo- 
carditis. They were numerous in one case of seven weeks duration, 
but usually they are not present in cases of less than three months 
standing. The lesions vary in size from small focal fibrotic areas to 
diffuse fibrosis of the entire glomerulus. In its earliest stages 
(Fig. 6) the fibrous lesion shows a thickening of the basement mem- 
brane of a group of capillaries. There is no increase of endothelial 
uudei, no thrombosis, and no necrosis. The basement membranes 
increase in thickness at the expense of the capillary lumens. The 
fibers are all thickened basement membranes. There is no invasion 
of fibroblasts. When the membrane is moderately thickened it gives 
the staining reactions of collagenous fibers. 

The large diffuse lesions (Figs. 7 and 8) are formed in the same 
■way as the focal fibrous areas. Occasionally small, fresh, hyaline 
lesions are found in a diffuse fibrous glomerulus, but the fibrous 
lesions do not develop from the hyaline form. The thick fibers may 
be followed directly into normal basement membranes (Fig. 8). The 
end result of a fibrous lesion is a dense mass of thick membranes 
whi^ occludes the capillaries completely. Endothelial and epi- 
thelial nuclei persist for a long time but finally disappear and a 
hyaline glomerulus results. 

The focal character of the lesion suggests that it may be caused 
by the lodgement of bacteria in the capillaries, but bacteria have 
never been demonstrated. If bacteria are responsible we must be- 
cye that the injury is not so intense as in the case of the hyaline 
csions. No capillary thrombi are formed and no necrosis occurs, 
ut a type of proliferative inflammation is induced. 
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and may be found at any time during the course of the disease. The 
frequent absence of embolic lesions in typical clinical examples of 
subacute bacterial endocarditis has not been explained. 

Diffuse glomerulitis is frequently found in association with em- 
bolic lesions. 

Epithelial crescents frequently cause atrophy of the glomerular 
tufts by compression. Fibers form between the epithelial cells and 
convert the crescent into a dense fibrous structure. These fibers 
are of epithelial origin. 

In the glomeruli, fibers which later give the staining reactions of 
collagen are formed from three distinct sources — intracapillary 
fibers from the endothelial cells, fibers formed from thickened capil- 
lary basement membranes, and fibers formed by the epithelial cells 
of the crescents. 
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SXBEMARY 


Two forms of glomerulitis, namely, diffuse and embolic, are found 
in association with endocarditis. 

Diffuse glomerulitis was found mth the various types of endo- 
carditis as follows: acute rheumatic 22.2 per cent, acute primary 
bacterial 28.6 per cent, subacute bacterial 64.8 per cent, and secon- 
dary acute 33.3 per cent. It is characterized by an increase in the 
number and size of the endothelial cells and often by thickening of the 
capillary basement membrane. The extent of capillary obstruction 
IS usually much less than in clinical acute glomerulonephritis, but in 
7 instances of subacute endocarditis glomerulitis had reached the 
clinical level. Diffuse glomerulitis bears some relation to the in- 
tensity and duration of septicemia. 

Embolic, or focal glomerulitis was found in the different forms of 
endocarditis as follows: acute rheumatic 2.9 per cent, acute primary 
bacterial 7.1 per cent, subacute 52.8 per cent, and secondary acute 
5-8 per cent. In i instance there was no endocarditis. 

Two distinct types of embolic lesions occur — the fresh hyaline 
and the fibrous. 


The fresh hyaline lesion in its simplest form is a capillary throm- 
bosis and all the smaller lesions are readily recognized as such. The 
larger lesions are composed of many thrombosed capillaries which 
may be identified until the capillary walls have imdergone necrosis. 
The hyaline lesion is not an infarct but a thrombosis and necrosis of 
capillaries resulting from the lodgement of bacteria. The necrotic 
portion of the glomerulus disintegrates and disappears. 

The fibrous lesion is a reaction characterized by a marked growth 
of the basement membranes of the capillaries. The thickened mem- 
lanes obliterate the capillaries and give the glomerulus a fibrous 
structure. The fibers are formed entirely from basement mem- 
mnes; there is no invasion by fibroblasts from without. The fibrous 
csion, like the fresh hyaline, may involve one or more lobules or the 

entire glomerulus. It develops independently of the fresh hyaline 
lesions. 


^ subacute bacterial endocarditis there were 15 instances of 
severe renal insufficiency, of which 5 were due to embolic glomerulo- 
^c^ritis, 7 to acute and 3 to chronic glomerulonephritis. 

c fresh, hyaline, embolic lesions develop earlier than the fibrous 
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Fig. I. 31-1209. Diffuse glomerulitis. Part of a glomerulus from a case of 
subacute bacterial endocarditis. Azocarmine stain. There is a definite 
increase in the number and size of the endothelial cells (end.) and there is 
also a moderate uneven thickening of the capillary basement membrane 
(b. m.). The lumens of the capillaries are definitely narrowed, but the 
obstruction is not so prominent as in clinical acute glomerulonephritis. 
X 750- 

Fig. 2. 27-445. Small, fresh, hyaline, embolic lesion — capillary thrombosis. 
Small portion of a glomerulus from a case of acute rheumatic endocarditis. 
Azocarmine stain. The thrombus distends the capillaries but there is no 
necrosis of the capillary wall. The small embolic lesions in subacute bac- 
terial endocarditis are all of this type. Ep., epithelial cell; end., endo- 
thelial cell; b. m., capillary basement membrane; t., thrombus, x 7So. 

Fig. 3. 30-819. A part of a large, fresh, hyaline, embolic lesion from a case of 
subacute bacterial endocarditis. Azocarmine stain. The thrombotic 
material (t.) fills some of the capillaries completely and others partially. 
The capillary basement membrane (b. m.) is present in some places but 
absent where necrosis has occurred. Endothelial nuclei (end.) may persist 
after tlie basement membrane and epithelial cells have disintegrated. The 
outlines of the capillaries may usually be recognized in large, fresh, hyaline 
lesions. Ep., epithelial cell, x 750. 
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Plate 107 

4. Fresh, hyaline, embolic lesion. From the same case as Fig. 3. Hema- 
t<- Un-eosin stain. The individual thrombosed capillaries may be seen. 

400. 

- tligher magnification of a small part of the lesion shown in Fig. 4. 
' life the nuclei of epithelial cells between the thrombosed capillaries. 

I. 1 5-So. Subacute bacterial endocarditis. Area from a glomerulus show- 
. ' g a small fibrous lesion. Azocarmine stain. The hyaline bands (h.) are 
■ •med by thickening of the basement membranes of the capillaries. 
X(.'rmal basement membranes are continuous with thickened ones. The 
endothelial cells (end.) are increased in number and size in capillaries out- 
side of the fibrotic area. B. m., normal capillary basement membrane; 
cp.. epithelial cells, x 750. 

7. 30-1522. Diffuse fibrous lesion. From subacute bacterial endocarditis. 
.\zocarmine stain. The glomerulus is largely replaced by coarse fibers. 
X 400. 
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Plate io8 


From the same case as Pig. 7. Azocarmine stain. The coarse fibers 
c. f.j are continuous with definite capillarj’’ basement membranes. The 
majority of the nuclei are probabty endothelial (end.), x 750. 

!-). 16-S9. Epithelial crescent from subacute bacterial endocarditis. 
.\zQcarmine stain. Small fibers (f.) are shown among the epithelial cells 
ep.,:. C. b. m., capsular basement membrane, x 750. 

10. 51 - 455 - Epithelial crescent from subacute bacterial endocarditis. 
.\zocarmine stain. The epithelial cells (c. ep.) are largely replaced by 
coarse fibers (f.). C. b. m., capsular basement membrane, x 750. 

















666 


HUNTER AND ROBERTS 


Takayasu ^ failed to see any very marked glomerular lesions in a 
study of sixty rabbits poisoned with uranium nitrate, potassium 
bichromate and mercuric chloride, in which changes termed tubular 
nephritis by Schlayer and Hedinger ^ had been found. Christian ® 
described for the first time the occurrence of “hyaline droplets” 
nithin the glomerular capillary walls of rabbits receiving uranium 
nitrate and potassium bichromate. Christian felt the presence of 
such bodies must indicate that considerable injury to the capillaries 
of the glomeruli had been brought about by the chemicals employed. 
In later studies Christian, Smith and Walker,^ and Christian and 
O’Hare® noted that the hyaline droplets were followed by more 
advanced degenerative changes consisting of hyaline thrombus 
formation, hemorrhage, bleeding in the glomeruli with dilatation 
of the capsular space, proliferation of capillary endothelium and 
also of the capsular epithelium. Baehr ® states that Mackenzie was 
able to demonstrate occasional hemorrhages or “blood cysts” in 
the glomeruli of certain rabbits injected with uranium nitrate. 
Suzuki ’’ also noted glomerular hemorrhage and necrosis in one 
uranium-damaged kidney. Scheel® mentions the appearance of 
necrosis of the glomeruli in uranium nephritis but gives no further 
details. After Christian the first notable attempt to ascertain the 
nature of glomerular lesions induced by uranium nitrate was made 
by Baehr. By subcutaneous administration he obtained, in one of 
ten rabbits, a collapse and thickening of the glomerular capillaries 
in which there was a homogeneous protoplasmic substance. The 
capsular space contained albumin, while the loops were blended with 
Bowman’s capsule and formed epithelial crescents. More constant 
results were obtained after injection of very small quantities of 
uranium directly into the renal artery on one side. By this tech- 
nique 40 to 50 per cent of glomeruli were affected. According to 
Baehr the evolution of the glomerular lesions could be divided into 
four stages. The first was characterized by coagulation necrosis, 
failure of the endothelial nuclei to stain, a diminution of blood and 
the presence of a reticulated coagulated substance in the capillaries. 
1 he epithelial covering of the loops was often seen to be necrotic. 
I'rom tlic damaged vessels there was an extravasation of blood or 
plasma into the capsular space. In some instances entire glomeruli 
were affected but in others the injury was limited to certain loops, 
fhe afferent arterioles v.-erc plugged with granular masses similar 



GLOMERULAR CHANGES IN THE KIDNEYS OF RABBITS AND 
MONKEYS INDUCED BY URANIUM NITRATE, MERCURIC 
CHLORIDE AND POTASSIUM BICHROMATE * 

Warren C. Hunter, M.A., M.D., and Joe M. Roberts, A.B. 

{From the Department of Pathology, University of Oregon Medical School, Portland, Ore.) 


The injurious effects of the salts of uranium, mercury and chro- 
mium on the epithelium of the renal tubules have long been rec- 
ognized. Of these substances uranium nitrate particularly has 
been employed as a nephrotoxin by numerous experimental workers 
in attempts to solve the difficult problems of renal function. All of 
the poisons mentioned cause definite and unmistakable lesions in 
the proximal convoluted tubules. Although certain cytological 
changes have long been noted in the glomeruli of kidneys injured 
by the salts of heavy metals, these alterations are histologically 
much less prominent than in the tubules, and possibly for this reason 
almost universally have been considered of less significance than the 
outspoken and widespread tubular necrosis, in spite of certain 
clinical evidence to the contrary. 

The usual tissue stains show degeneration and even necrosis of 
both capillary and capsular glomerular epithelium, often a granular 
albuminous substance in the capsular space, occasional intra- and 
cxtraglomerular hemorrhages, diminution, absence or excess of 
blood within the glomerular capillaries during the acute stage of 
injury by uranium and similar substances. The histological state 
of the capillary basement membrane cannot well be studied by 
ordinary methods and has therefore generally been neglected. As 
the lesions of chemical nephrosis become chronic there is seen a 
proliferation of the capsular epithelium sometimes forming epi- 
t dial crescents, thickening of Bowman’s membrane and apparent 
ntrophy , fibrosis, or even hyalinization of the glomerular tufts. 

A brief review of the literature on experimental nephritis will lend 
emphasis to the preceding statements. 


Sixteenth Annual Clinical Session of the American College of 
Calif., April 4-8, 193=. 

? Srant from the American Medical Association, 
cived for publication April 22, 1932. 
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tion. In other instances the capsular spaces appeared dilated and 
cj’^stic with apparent atrophy of the glomeruli, but even in the most 
markedly scarred and contracted kidneys there were always some 
hjTDertrophied, blood-filled and apparently functioning glomeruli. 
With mercuric chloride glomerular damage, evidenced by necrosis 
of epithelium, intraglomerular hemorrhages and hyaline droplet 
formation, was less constant than in the uranium kidneys. In a 
comprehensive review of acute experimental nephritis MacNider 
in summary states that there is more histological evidence of a 
glomerular injury from bichloride of mercury than from either 
uranium or the chromates, the injury consisting of intense con- 
gestion with or without an exudate, hyaline changes in the endo- 
thelium or thrombus formation. Regarding chromates he asserts 
that the participation of the glomeruli in the nephritis is late. 

A distinct advance in the finer histopathology of the renal glom- 
erulus came rvith the discovery by McGregor of the great 
value of Mallory’s anUin blue-Heidenhain-azocarmine stain in differ- 
entiating the various glomerular elements, clearly outlining the 
capillary basement membrane, and thereby making it possible not 
only to study changes hitherto unperceived in this structure, but 
also to distinguish the endothelial and epithelial cells of the capil- 
laries from each other. By means of this stain McGregor later 
demonstrated characteristic basement membrane alterations in the 
kidney in essential hypertension. More recently Bell,^®’ employ- 
ing the same staining method, has proved the existence of important 
alterations in the glomerular basement membrane of the kidney in 
lipoid nephrosis and in the toxemias of pregnancy. In each of the 
conditions named there is a tendency to pronounced thickening of 
the membrane. 


^Materials and Methods Employed in Present 
Investigation 

As fa.r as we have been able to find in the available literature, 
the azocarmine stain has never been used as an aid in determining 
the nature of glomerular alteration in experimental lesions induced 
by uranium, mcrcur>' and chromium salts. Therefore, after having 
Studied a considerable number of renal lesions in man and satis- 
ourselves that for such purposes the azocarmine stain is a 
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to those in the capillaries of the tufts. The second stage was marked 
by a swelling and proliferation of glomerular and capsular epithe- 
lium with the formation of syncytial structures and multinucleated 
giant cells, the two types of cells forming a network leading to 
obliteration of the capsular space. Bi the third phase the capillaries 
and vasa afferentia became more permeable, filled with blood, and 
sometimes formed large blood lacunae. The final stage was char- 
acterized by hyaline degeneration of the markedly injured loops 
with partial adhesion to the capsule. Baehr concluded that a glom- 
erulonephritis could be produced artificially, in the manner de- 
scribed, with but slight evidence of tubular damage. The over- 
growth of capsular epithelium was felt to be the result of stimulation 
by the exudate filtered through the glomeruli. Suzuki ® in 1926 
published the results of another series of experiments with uranium, 
in which he advances the opinion that the thickening of the glom- 
erular loops has its origin in the formation of a connective tissue 
layer in the glomerular walls. Collapse of the glomeruli is the result 
of contraction of the connective tissue growth in the walls. He fur- 
ther states that there is sometimes proliferation and swelling of the 
glomerular endothelium. Suzuki makes the interesting observation 
that hyaline droplet degeneration occurs only in the epithelium, 
never in the ingrown connective tissue. 

In the course of an experimental study concerned with acquired 
resistance of regenerated renal tubular epithelium to the nephro- 
toxic effects of uranium nitrate and sublimate. Hunter^®’ ob- 
served in addition to degeneration and necrosis of the glomerular 
and capsular epithelium of rabbits receiving uranium nitrate the 
quite frequent occurrence of a few erythrocytes in the subcapsular 
space. It was felt that these must have escaped from the capillaries 
largely by diapedesis, made possible by injury of the capillary endo- 
thelium. Albuminous material in the capsular space also indicated 
glomerular injury. Christian’s observation concerning the con- 
stancy of hyaline droplets was confirmed. In the chronic stages of 
uranium nephritis there were invariably some alterations in the 
glomeruli, although the tubular lesions were always more prominent. 
After acute injury repair of the epithelium covering the tufts and 
BoTRrnian’s membrane began early and not infrequently was exces- 
sive, leading to the formation of epithelial crescents or even oblitera- 
tion of the capsular space, glomerular atrophy and hyaline degenera- 
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are quite large, of variable shape, depending upon their location, 
and poor in chromatin granules. The latter tend to assume a 
peripheral location within the nucleus and stain faintly with car- 
mine. The cell cytoplasm is granular, often abundant, and stains a 
pale blue. Epithelial cells are rarely observed over the convexity 
of the peripheral loops and are most abundant in the interstices be- 
tween the capillaries, where they are easily distinguished from con- 
nective tissue nuclei by size and staining characteristics and from 
the endothelial cells by their position external to the basement 
membrane. The average number per glomerulus, arrived at by 
counting all cells in five to ten glomeruli from the kidneys of four 
normal animals, was found to be 30.1 epithelial cells. 

As in man the capillary endothelial cells are much less numerous, 
according to our calculations averaging 8.2 per glomerulus, giving 
an average ratio of 3.7 epithelial cells to each endothelial cell. The 
structure and staining reactions are quite comparable to the human 
kidney in that the nuclei are of variable shape (according to loca- 
tion), stain deeply with carmine, contain a larger number of chro- 
matin granules than the epithelium and possess one or two prom- 
inent nucleoli. Cytoplasmic substance is rarely demonstrable. The 
nuclei of the endothelium lining the vasa afferentia and vasa efferen- 
tia are oval and distinctly elongated. Whenever glomeruli are cut so 
that the afferent or efferent vessels are visible for any appreciable 
distance, connective tissue cells with long, oval-shaped, heavily 
carmine-stained nuclei can be made out readily between the capil- 
laries, More frequently such cells are lacking because the vessels 
soon break up into many branches between which connective tissue 
nuclei are rarely found. 

The outer layer of Bowman’s capsule is made up of bluish-staining 
fibrils which join with the stroma between the adjacent tubules, 
while the inner layer appears to be quite homogeneous and stains 
dark blue with azocarmine. In the normal rabbit the entire thick- 
ness of the membrane is not great. Covering its inner surface is a 
single la^/er of flattened epithelium with nuclei identical in appear- 
ance with those covering the capillaries. The epithelial lining is 
often not demonstrably a continuous one.* 


t..!hur rwcntly reported the results of quantitative counts of the various 
^ ' Jc burnan kidney. He finds that in the ordinary glomerulus from 

>..t*.ourth to one-nxth of all nuclei, exclusive of tliose of leukocytes, are endothelial 


p\rr 
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valuable one, we next proceeded to investigate the histology of the 
normal rabbit and monlcey kidney. Having thus established the 
normal it became necessary to obtain material for the investigation of 
possible pathological changes in kidneys injured by chemical nephro- 
toxins. The late Dr. A. S. Warthin generously made available the 
uranium and mercury rabbit material which was studied in his lab- 
oratory by the senior author. Sections of the uranium and bichlo- 
ride series stained with hematoxylin-eosin, Van Gieson’s stain and 
Mallory’s phosphotungstic acid hematoxylin had been kept and 
were available for review. From the large number of kidneys 
seventy-two were selected and stained mth azocarmine. 


Histology of the Normal Rabbit Glomerulus 

The structure is essentially the same as McGregor has described 
for the human glomerulus, but exhibits certain minor differences 
which will have to be mentioned. The rabbit glomerulus is appre- 
ciably smaller than that of man, a factor which makes it more diffi- 
cult to study. In most instances the afferent arteriole apparently 
passes only a short distance into the capsular space before breaking 
up into numerous capillaries. Commonly one sees most of the 
capillaries cut either in cross-section or tangentially (Fig. i). The 
basement membrane is of uniform thickness except at points of 
branching of the capillaries where it widens out and becomes slightly 
irregular. In the normal state it stains deeply and evenly with the 
anilin blue component of the azocarmine stain. External to the 
membrane there is often visible a thin and slightly ragged granular 
substance, at times having a demonstrable connection with the 
cytoplasm of the capillary epithelium. On changing the focal plane 
of the oil immersion objective the membrane sometimes appears to 
consist of two layers, but often remains a single solid line. At the 
periphery of the glomerulus, where the loops are not so closely ap- 
proximated as deeper within the tuft, the outline of individual loops 
can be followed with certainty. Using this method of examination 
It is found that the capillary walls exhibit comparatively little 
secondary undulation, thus differing from the human glomerulus 
m which secondary foldings are very common. 

he glomerular epithelium, i. e., the epithelium covering the 
^pillaries, bears a strong resemblance to that in man. The nuclei 
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The GLOiiERULAR Changes Produced by Uranium 

Nitrate 

The effect of this poison upon the glomeruli, as well as upon the 
convoluted tubules, varies somewhat according to the acuteness or 
chronicity of the nephropathy. Accordingly we have divided the 
kidneys into two groups, classing as acute those from eighteen rab- 
bits which died or were killed between three and twenty-eight days, 
foUowng one or at most two subcutaneous or intravenous injections 
of uranium nitrate (Table II) . The chronic series includes seventeen 
animals receiving increasingly larger doses over a period of months 
and exhibiting definite chronic renal lesions, both grossly and micro- 
scopically. 

In all of the kidneys of the acute group there are varying degrees 
of necrosis of the epithelium lining the proximal convoluted tubules, 
the extent and degree depending upon the size of the dose received. 
In the presence of visible tubular necrosis it is not unreasonable to 
expect alterations in the glomeruli as well, since the noxious agent 
must first have passed through them. It was hoped that the azo- 
carmine stain would bring out something more than the well known 
effects upon the capillary endothelium and epithelium. 

As shown in Table II all of the changes demonstrable with ordi- 
nary stains were recognized in azocarmine preparations as well. 
But in addition to these (obvious cellular necrosis, swelling and 
desquamation of epithelium, a general decrease of blood in the capil- 
laries, frequent occurrence of a finely granular material in the cap- 
sular space, intraglomerular hemorrhages and an apparently normal 
Bov, 'man’s capsule), we have found other morphological disturbances 
apparently hitherto undescribed, particularly in the capillary base- 
ment membrane. A more detailed account of this lesion will be 
given later. 

.‘\s one phase of the problem it appeared worth while to count the 
actual number of glomerular and capsular cells. Such a task is 
tedious and unless the capillaries contain blood enough to distend 
them partially one cannot always distinguish epithelium and endo- 
thelium, even though the nuclei stain differently. One must also 
depend upon the relation of individual cells to the basement mem- 
brane as a means of identification. In order to minimize the chances 
of error v, c began with a study of normal rabbit and monkey kidneys 
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The Normal Monkey Glomerulus 

Aside from its smaller size and consequently fewer number of all 
types of cells, the renal glomerulus of Macacus rhesus monkeys dif- 
fers in no important respects from that of the human as described 
by McGregor.^® A minor variation occurs in Bowman’s membrane 
which in the monkey tends to be more wavy than in man. We have 
found the average number of glomerular endothelial cells per unit 
structure to be 10.2, with an average of 40 glomerular epithelial 
cells, giving a ratio of 3.9 epithelial cells to one endothelial cell. The 
average figure obtained for capsular epithelium was 7.9 (Table I). 


Table I 


Comparison of Glomerular Cells in Normal and Ncphropalhic Rabbit Kidneys 


Normal 

Uranium nitrate 

Mercuric chloride 

Potassium 

bichromate 

Acute 

Acute 

Chronic 

Acute 

Chronic 

Average number glom- 
erular endotbelial cells . . 

8.2 

m 

8.2 

3-6 

S.8 

6.9 

Average number glom- 
eralar epithelial cells . . . 

30-1 

23.4 

28.1 

16.1 

30.7 

27-3 

Average ratio of endo- 
thelial to epithelial cells 

1 

3-7 

4.1 

3-6 

B 

S -2 

3.9 

Average number capsular 
epithelial cells 

7-1 

4-7 

9.6 

S-i 

8.7 

5.8 


Comparison of Glotnernlar Cells in Normal and Nephropathic Motihey Kidneys 


Normal 

Acute potassium 
bichromate kidney 

Chronic potassium 
bichromate kidney 

Average number glomerular 
endothelial cells . 

10.2 

8.0 

14.6 

Average number glomerular 
epithelial cells . 

40.0 

1 ■ - ■ ' . ■ — 

34-2 

57-7 

Average ratio of endothelial to 
epithelial cells 

3-9 

4-3 

3-9 

Average number capsular epithelial 
cells . 

B 

9.8 

10.8 

































Table It 

RrTedt of Uranium Xitrale on Renal Glomeruli of Rabbils 
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and did not attempt counts on pathological glomeruli until reason- 
ably certain of success. Experience showed that if the counts were 
made on glomeruli having patent or blood-filled loops not more than 
five to ten need be counted in each animal. When only a part of a 
glomerulus was included in the section it was found necessary to 
dismiss it from consideration, even if the loops were patent, because 
the small number of cells often gave false ratios. Using the average 
ratio between endothelial and epithelial cells as a basis it was found 
unnecessary to measure the diameters of individual glomeruli since 
the dimensions naturally vary with the blood content and patency 
of the loops, as well as the point where it happens to be cut in sec- 
tioning. The constancy of the figures shown in Table II attests the 
soundness of this basis of computation. In the majority of acute 
uranium kidneys there is a decrease of approximately one-third in 
the number of glomerular epithelial and endothelial cells, leaving 
the ratio between them practically imchanged (Tables I and II). 
The diminution of capsular cells is subject to greater variability, 
accomited for in part by the differences in the size of the glomeruli 
examined. 

The hyaline droplets described by Christian as occurring in the 
capillary walls are present in fourteen of the eighteen kidneys of the 
acute series. In sections stained with azocarmine these bodies are 
of different sizes but never of great bulk, and have a reddish or 
orange color, depending upon the focal plane of the oil immersion 
objective. Often they are seen to lie in the capillary walls but in our 
experience, as well as that of Suzuki, appear constantly within the 
cytoplasm of glomerular epithelial cells (Fig. 2). At times the loca- 
tion seems to be intranuclear as well. We have also observed the 
droplets within the lumina of the capillaries but, like Christian, are 
unable to state whether or not such a position is due to artefact. 

Azocarmine stains all connective tissues and collagenous sub- 
stances a deep and dark blue, a property of great importance in the 
study of the glomerular basement membrane which apparently is 
collagenous in nature. In the acute group there are with one excep- 
tion var3nng degrees of alteration in the basement membrane. Most 
frequently the homogeneous membrane substance is split up into 
fine fibrils and these in turn are oftentimes either fragmented or give 
the impression of beading with alternate light and dark stainmg. 
The picture may be best compared to the appearance of a frayed 
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cotton string (Fig. 3). In a few cases splitting and beading are 
absent, the membrane simply failing to stain well and appearing 
fuzzy. In these kidneys the intertubular connective tissue and 
Bowman’s membrane stain well, indicating that the abnoimal 
staining of the capillary basement membrane is not due to faulty 
technique. With the picture of the normal glomerulus constantly 
in mind we endeavored to avoid terming as pathological the fine, 
bluish, granular substance often visible over the external surface of 
the membrane and the slight irregularities in thickness and contour 
at points of capillary branching seen in entirely normal glomeruli. 
Still another source of error to be avoided was that of mistaking 
dosely approximated basement membranes belonging to different 
loops for splitting or fraying. 

During the acute stage the basement membrane does not give the 
impression of being appreciably thicker than normal. A single dose 
of uranium does not affect all glomeruli and those situated in the 
inner half of the cortex are regularly injured more than the tufts 
near the capsule. If this point is not kept in mind studies of the 
acute uranium kidney are apt to be misleading. Azocarmine also 
brings out the details of the intraglomerular hemorrhages so fre- 
quently seen in acute uranium poisoning. Often these occupy all 
e.xcept one or two loops and under low power magnification look 
like blood cysts. Examination under oil immersion reveals constant 
fragmentation and splitting of the basement membrane at the 
peripheiy^ of the hemorrhage, although one cannot always be cer- 
tain that only one membrane is included (Fig. 3), Within the 
hemorrhage remnants of basement membrane enmeshed in fibrin 
and red blood cells are not infrequently seen. Since the hemorrhages 
occur almost as frequently following subcutaneous injections as 
after intravenous administration one can hardly escape the con- 
riction that bleeding into the glomerular substance is an exq)ression 
of injur\’ to the capillaty walls. 

Repetition and increase of dosage of uranium nitrate will in time 
produce a striking pathological picture in the rabbit kidney. As 
fsreviously described by Hunter practically all of the original 
epithelium lining the proximal convoluted tubules is in time de- 
stroyed and replaced by fiattened at>T>ical cells which are resistant 
to the nephrotorin. There is a stimulation of the interstitial con- 
nective tissue and finally a contracted, granular-surfaced kidney is 
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Heinatox} 4 in-eosin and Van Gieson’s stains reveal these bodies to 
be quite like the Ijnnphocytes of the blood in larger vessels. Their 
presence in the glomerular capillaries is apparently of no pathological 
significance. In the absence of definite knowledge of the nature of 
these apparent nuclei it was considered madvisable to include them 
in the counts of glomerular cells. 

The Nephropathy Caused by Mercuric Chloride 

In a previous paper Hunter pointed out that the local corrosive 
action and irregularity of absorption after subcutaneous adminis- 
tration, the danger of thrombosis following intravenous injection 
and the excretion of mercury by the intestine, resulting in severe 
enterocolitis in itself often sufficient to kill the animal, makes subli- 
mate an undesirable substance for the study of experimental renal 
lesions. It was found that the amount of mercuric chloride absorbed 
varied greatly, so that in certain cases several injections might be 
pven without any very evident damage to the renal epithelium, 
while in other animals a like quantity provoked well marked chronic 
glomerulotubular lesions very similar to those produced by uranium. 
Glomerular injur^q as evidenced by necrosis of epithelium, hemor- 
rhages and hyaline droplet degeneration, was less frequent than in 
the kidneys of the uranium series. 

The kidneys from many of the same animals used in the first 
cx]^erimcnts v/ere employed in the present investigation. Of the 
fifteen selected for rcstudy four were classed as acute and eleven as 
chronic on the basis of the number of injections, the duration of the 
c.xpcrimcnt and the pathological state of the kidney observed micro- 
scopically. 

In eadi of the four acute cases the glomerular basement membrane 
c.xhibits degenerative changes identical with those already described 
for the acute uranium kidney, namely, splitting, fragmentation, 
beading and rupture. I'hesc phenomena are especially pronounced 
in I'v-2 0.015 (I'ig. 6). In addition to extreme fraying of the glom- 
erular basement membrane there is in this Iddney marked diminu- 
tion of both endothelial and epithelial cells, leaving the loops prac- 
tically stripped of cells, the necrotic remains of which fill the cap- 
sul.ir sj)act. It is interesting to note that in spite of the very evident 
injur}' the capillaries arc distended with unclotted blood. The three 
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found at autopsy. In the chronic stage there are obvious glomerular 
alterations, such as apparent atrophy, decrease in blood content of 
the capillaries, dilatation of the capsular space with or without 
granular material in it, rarely intra- and extraglomerular hemor- 
rhage, hyperplasia of the capsular epithelium with epithelial crescent 
formation, obvious thickening of Bowman’s, membrane with epi- 
thehal cell inclusions and hyaline droplet degeneration. 

The kidneys of all of the seventeen rabbits in the chronic uranium 
group display more convincingly the same changes in the glomerular 
basement membrane as in the acute stage, with the additional finding 
of definite thickening and not infrequently wrinkling of the mem- 
brane. The latter is not surprising in view of the shrinkage of 
glomeruli (Fig. 5). In the two rabbits showing the greatest thicken- 
ing (R-5 a and BAI) reddish, oval-shaped nuclei are buried within 
the heavy membrane. Their position, external to the wavy con- 
densed portion of the basement membrane, points to an epithelial or 
connective tissue origin. It is significant that in each of the two 
rabbits mentioned the glomerular capillaries are distended with 
blood in spite of the great thickening of their walls (Fig.5). Hyaline 
droplets occur less frequently and in lesser numbers than in the 
acute phase, and again appear to lie both in the substance of the 
epithelial cells and in the basement membrane. Cell counts show 
that both endothelial and epithelial cells possess sufficient regener- 
ative capacity to come back to approximately normal after having 
been reduced by about one-third during the acute stages of the 
disease. We are unable to discover any evidences of hyperplasia of 
the connective tissue cells accompan3dng the. arterioles, and are of 
the opinion that such cells have nothing to do with coUapse and 
atrophy of the glomeruli. Our observations lead us to believe that 
the small size of apparently atrophic tufts is due largely to collapse 
of the capillaries. Practically all nuclei remaining in such glomeruli 
have the appearance and staining characteristics of epithelium. 
The ability of glomerular epithelium and endothelium to regenerate 
in the presence of repeated damage by uranium suggests that these 
cells, as well as those lining the tubules, become somewhat tolerant 
to the drug. In addition to glomerular epithehal and endothelial 
cells both acute and chronic uranium kidneys frequently display 
intracapillary nuclei more heavily impregnated with carmine than 
endothelial cells and devoid of chromatin granules or nucleoli. 
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remaining kidneys of this group likewise display a significant de- 
crease in glomerular cells, together with var3dng degrees of injury to 
the basement membrane. In contrast to the high incidence of intra- 
glomerular hemorrhages and droplet degeneration of the capillary 
epithelium in acute uranium kidneys, hemorrhage occurs in but one 
instance of acute mercuric nephropathy, while droplets are found in 
two of the four animals. 

In the ten rabbits receiving repeated doses of mercury there is 
some degree of splitting, beading or alteration in the staining quality 
of the basement membrane in all but one. Thickening is much less 
frequent than in uranium nephropathy. In the chronic mercuric 
chloride kidney the endothelial cells increase from an average of 
3.6 in the acute stage to 5.8 per glomerulus. The glomerular epi- 
thelium, after falling to half the normal number in the acute phase, 
regenerates to such an extent that at the end the normal is re-estab- 
lished and in several instances is actually increased (Table III). As 
for other pathological findings there is often but not always a slight 
to moderate thickening of Bowman’s capsule, fairly constant hyaline 
droplet degeneration, decrease in capillary blood content, rarely 
hemorrhages in the glomerular substance and the same heavily 
stained lymphocytic nuclei within the capfilaries present in uranium 
nephritis. 

Experiments with Potassium Bichromate 

Six rabbits and six monkeys {Macacus rhesus) were employed in 
these experiments (Table IV). Of the six rabbits four had but one 
dose of poison and died within one to eight days. The two remaining 
animals first received i cc. of a 2 per cent solution followed by three 
doses of 1,5 cc. each over a period of thirty-eight days. In none of 
the six did the bichromate cause more than acute degeneration 
and necrosis of the tubular epithelium. Study of the glomeruli in 
azocarmine preparations reveals changes quite like those in the 
acute uranium and bichloride lesions, with the exception of P-6 
which died on the first day of the e3q)eriment. Intraglomerular 
bleeding and droplet formation occurs in only two instances. 

In the monkey the results are quite similar except for M-5 and 
M-6 (Table IV), in whom definite chronic tubular lesions were 
produced, in both animals the glomerular endothelial and epi- 
thelial cells show a significant increase over the normal, at the 
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same time preserving approximately the normal ratio (Table I). 
Although definitely damaged, the degenerative splitting, fragmen- 
tation and beading is less marked than in either the uranium or 
mercury nephropathies of rabbits. 

A detailed description of the tubular involvement will be pub- 
lished as a separate paper.^® It is sufficient to say here that 
bichromate affects the epithelium of both proximal and distal 
convoluted tubules and that the regenerated cells are resistant to 
the poison. 

Discussion 

From the standpoint of histopathology there is no doubt as to the 
most prominent seat of renal damage caused by the chemical sub- 
stances employed in the preceding experiments. Unquestionably 
the tubular epithelium, particularly that of the proximal convo- 
luted units, suffers severely and after having become necrotic and 
detached presents a striking picture of devastation. It is not sur- 
prising, therefore, that in the presence of clearly demonstrable 
tubular necrosis the comparatively slight and less easily proved 
glomerular changes have been regarded as relatively unimportant 
in accounting for the altered renal function brought about by cer- 
tain chemical nephrotoxins. Perhaps this is in part a heritage 
handed down by the earlier experimentalists, who grouped nephro- 
toxic substances into two classes: (a) including cantharidin, arsenic 
and diphtheria toxin, was thought to produce deleterious effects by 
injur>' of the vascular apparatus of the kidney; while (b) other 
chemicals like uranium, sublimate and chromates, were regarded as 
tubular poisons. 

In the foregoing pages we have attempted to gather from the 
literature the more important observations of glomerular injury 
evoked by uranium, bichloride and bichromate. There is general 
agreement that the changes in the glomeruli are purely degenerative 
during the acute stages of the process and that later both degener- 
ative and proliferative phenomena may occur. Beyond this point 
there have been comparatively few attempts to analyze closely the 
state of the glomeruli after damaging the kidney with poisonous 
chemicals. 

Recent \ears ha\e brought significant advances in the physiology 
Oi renal function, and the modem theory of glomerular filtra- 
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materials in the urine are reduced or disappear. Certain of the 

chronic animals develop a polyuria. 

For information regarding the blood chemistry in chemical 
nephropathies we turn to the Uterature. MacNider^o has demon- 
strated repeatedly the occurrence of decreased phenolsulphoneph- 
thalein excretion, retention of blood urea, non-protein nitrogen, 
creatinin and lowered alkali reserve in dogs suffering from acute or 
chronic uranium nephritis. In certain of the chronic cases he noted 
structural changes of a chronic degenerative nature in the glomeruli, 
— fibrosis, obliteration of some capillary loops by connective 
tissue — sometimes leading to hyalinization, while other glomeruli 
showed partial obliteration of the loops with thickened walls and 
blood within the lumina. 

The striking similarity of the disturbances in the blood and urine 
in acute and chronic clinical glomerulonephritis and sublimate 
nephrosis in the human, and acute and chronic uranium and bi- 
chloride nephropathy of experimental animals, has not been properly 
appreciated. The urinary manifestations have been ascribed mainly 
to tubular involvement. In view of our results we find it impossible 
to subscribe to this \new. It is not unreasonable to expect abnormal 
urinary function in the presence of a structural alteration of the 
glomerular basement membrane and covering epithelium. In this 
connection it is interesting to note that while the regenerated tubular 
epithelium becomes resistant to the particular substance employed, 
there are at all stages degenerative phenomena in the glomeruli. 

The concept of injury to the glomerular basement membrane, 
with resultant altered permeability as the factor chiefly responsible 
for the disturbances in renal function following administration of 
metallic salts, is in keeping with the modem theory of renal function. 
If the physiologists are correct, destruction of tubular epithelium 
should be followed by excretion of a large amount of urine of very 
low specific gravity. As everyone know’S quite the contrary is found. 
Not only is there oliguria and concentration of the urine but a re- 
tention of nitrogenous products in the blood as well. Except for the 
iibscncc of edema and uremia the picture is quite similar to acute 
and subacute human glomemlonephritis. This concept is supported 
by the work of Oliver and Shevky,*^ who noted in one of their frog 
c?q)eriments a repression of urine associated with a good flow of 
blood through the glomcmlar capillaries, interpreted as possible 
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tion-tubular reabsorption with certain modifications is now gen- 
erally accepted. More recently still the notable contributions of 
McGregor and Bell have aided materially in explaining 
the nature and significance of glomerular lesions in human renal 
diseases. It now appears that the state of the glomeruli is of 
much greater importance than the condition of the tubules in 
the pathological physiology of the kidney, and that changes in 
the latter are largely secondary to and dependent upon glomerular 
disease. 

The purpose of the present study was to determine with the aid 
of newer staining methods all of the abnormalities in glomeruli made 
nephropathic by metallic salts. Besides confirming the findings of 
many other writers recorded in the literature, we have discovered 
another which we believe to be quite significant, namely, the nearly 
constant occurrence of demonstrable alterations in the glomerular 
basement membrane, manifested by a splitting, fraying, fragmenta- 
tion and abnormal staining reaction in azocarmine preparations. 
Since the glomerulus is the first structure in the kidney with which 
circulating poisons come into contact, it is not surprising that some 
of its elements may be damaged during the filtration process by 
which urine is formed. Such injuries may be marked, as in glomerulo- 
nephritis, or of less apparent significance, such as the thickening of 
the basement membrane seen in essential hypertension, lipoid 
nephrosis and the toxemias of pregnancy. Glomerular injury may 
likewise occur when the substance brought to the kidney is a simple 
chemical poison. The lack of histological evidence of lesions is not 
proof that the glomeruli escape unscathed. Nor does the extensive 
tubular necrosis explain aU of the clinical symptoms, as we shall 
point out presently. 

Our investigation is limited to morphological glomerular altera- 
tions and we are not in a position to record from personal observa- 
tions more than a few already well known facts concerning the effects 
of the poisons used in our experiments upon the volume output and 
constituents of urine. We have observed that while a transitory 
polyuria may follow a lethal dose of uranium or mercuric chloride, 
oliguria or even anuria soon ensue and may persist until death of 
the animal. The urine excreted is concentrated and for some days 
contains quantities of albumin, casts, and frequently small numbers 
of red blood cells. If the renal lesion becomes chronic the abnormal 
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increased, but this is purely a secondary feature. Our results show 
that the glomerular epithelium and endothelium regenerate after 
the initial injury, but the total is usually not greater than in normal 
controls. Proliferation of capsular epithelium occurs regularly and 
may just as properly be regarded as evidence of proliferative in- 
flammation as it is in human glomerulonephritis. If by nephrosis 
one refers to that group of renal diseases predominantly degenera- 
tive in character, this designation would more nearly fit patho- 
logically the lesions provoked by heavy metals than any other. 
Clinically, however, the blood and urine manifestations do not fit 
those of typical nephrosis and we are left without any suitable 
name for chemically produced renal diseases other than chemical 
nephropathies. 


Summary 

1. By a special staining method (azocarmine) distinct changes, 
interpreted as evidences of injury, can be demonstrated in the 
glomerular basement membrane of kidneys damaged by uranium 
nitrate, mercuric diloride and potassium bichromate. 

2 . The lesions in the basement membrane are purely degenerative 
in character, present in both acute and chronic stages of chemical 
nephropathies, and appear to be permanent. The renal glomerulus is 
more ^mlnerable to poisons than the tubules and fails to develop the 
same degree of increased resistance toward them. 

3. The opinion is advanced that alterations in the basement 
membrane of the type described may play an important role in the 
renal disturbances mduced by certain metallic salts. 

4. Fibrosis and connective tissue hyperplasia are not responsible 
for the appearance of the glomeruli in chronic uranium and subli- 
mate nephropathies. 

5. The c-ristence of other long recognized glomerular changes 
demonstrable vrith ordinary stains is affirmed. 

6. Uranium nitrate and mercuric chloride produce more histo- 
logical alterations in the glomeruli than potassium bichromate. 
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e\ddence of increased density of the basement membrane. Richards^ 
has observed an active glomerular circulation in the absence of 
urine formation in the kidney of a living frog poisoned with mer- 
curic chloride. He explains the anuria as due to increased absorption 
of water by injured and consequently more permeable epithelium. 
Oliver and Shevky’s experiments with the same animal show the 
tubular damage to be a complete and structural one and that, in the 
absence of complicating vascular spasm, there is a failure of absorp- 
tion rather than an increased absorption. Moore and Heilman,^® 
using the intravital method of Hayman and Starr for determining 
the number of open glomeruli, have shown that acute mercurial 
nephrosis in the rabbit is not associated with a decrease of glomerular 
circulation. They agree with Richards that the anuria is due to an 
inability of damaged tubular epithelium to prevent a resorption of 
tubular urine. Bieter has demonstrated experimentally the essen- 
tial role of glomerular injury in albuminuria. Proteinuria could be 
produced readily in glomerular fish {Ameriurus nehulosus and An- 
guilla rostrata) by asphyxia or mercuric chloride. Aglomerular fish 
{Opsanus tau) treated in the same way showed a lack of albumin, 
indicating that the renal glomerulus is essential for albuminuria. 
Very recently Jensen and Apfelbach have reported the production 
of pure renal insufficiency in dogs by injection of charcoal particles 
into the renal arteries with resultant glomerular infarction, nitrogen 
retention in the blood, decrease in the ability of the kidney to con- 
centrate and dilute urine and a lowering of its specific gravity. 

We believe the histological changes in the glomerular basement 
membrane brought out by the special stain employed in our experi- 
ments may supply the missing link in the chain of evidence pointing 
to primary glomerular injury as the cause of the disturbances in 
renal function and blood chemistry of chemical nephropathies. 
Cellular damage occurs in acutely affected kidneys but is later re- 
paired, while the splitting and fragmentation of the basement mem- 
brane is present during all stages of the disease. 

The renal lesions of uranium and other metallic salts are commonly 
termed nephritis, a designation not properly applicable to such 
forms of kidney damage. The term nephritis should be restricted to 
those forms of renal disease exhibiting evidence of either prolifer- 
ative or exudative inflammation. It is quite true that in certain 
chronic chemical nephropathies the interstitial connective tissue is 
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DESCRIPTION OF PLATES 
Plate 109 

Fig. 1. Camera lucida drawing of normal rabbit glomerulus stained with azo- 
carmine (oil immersion). Gl. Ep. = glomerular epithelium; End. = endo- 
thelium; Gl. B.M. = glomerular basement membrane; Rbc. = red blood 
cells; C.Ep. = capsular epithelium; C.B.M. = capsular basement mem- 
brane. The glomerular basement membrane is of uniform thickness, evenly 
stained and shows comparatively little undulation. Epithelial cytoplasm 
is abundant. 

2. Several loops of glomerulus from R— BQI — given 0,0875 gm. uranium 
nitrate intravenously over period of 148 days. Camera lucida drawing, oil 
immersion, i. = Lmiphoytes; 2 and 3 = so-called “hyaline droplets” in 
cj'toplasm and nuclei of capifiarj' epithelium; Gl.B.M. = slightly split 
glomerular basement membrane; End. = endothelium; Rbc. = red blood 
cells. 
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Plate iio 


Fig. 3. Dra\\-ing of entire glomerulus of a rabbit receiving intravenous in- 
jection of 0.0005 gm. uranium nitrate and dying four days later. A small 
intraglomerular hemorrhage involving one loop is shown at the top with 
rupture of the frayed and fragmented basement membrane (Gl. B.]\I.) 
near point 2. Rbc. = erythrocjdes; End. = capillary endothelium; 
Gl. Ep. = glomerular epithelium; i = lymphocytes in capillaries. (Oil 
immersion.) 

Fig. 4. One loop of a glomerulus from rabbit with chronic uranium nephro- 
pathy displaying fraying and irregular thickening of capillary basement 
membrane (Gl. B.M.), and one epithelial cell (Gl. Ep.). 
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Plate hi 


Fig. 5. Portions of three loops of glomerulus from R-51A (see Table II). The 
glomerular basement membrane (Gl. B.M.) is markedly wrinkled, and 
both internal and external to it is a homogeneous non-granular substance 
taking the same stain as the original membrane but less deeply, i = nu- 
clear inclusions within the thickened capillary wall; Gl. Ep. = glomerular 
epithelium; Rbc. = numerous erythrocjTes in thick- walled but patent 
capillaries. 

Fig. 6. Appearance of glomerulus in rabbit dying three days after subcutaneous 
injection of 0.026 gm. HgClo. Oil immersion, camera lucida drawing. 
Gl. B.M. = extreme fraying and fragmentation of glomerular basement 
membrane. Gl. Ep. and End. = glomerular epithelial and endothelial 
cells both greatly reduced in number, i = necrotic cellular debris filling 
capsular space, apparently derived from glomerular epithelium; the capil- 
laries are distended with erythrocytes, Rbc.; C. Ep. = capsular epithelium; 
C.B.M. = capsular basement membrane. 
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it became apparent that the bacterial nature of the antigen was not 
an essential determining factor in the development of the tuberculin 
t3Tpe of allergy. It was possible to produce in tuberculous guinea 
pigs, with ordinary proteins such as egg-white or horse serum, a state 
of hypersensitivity characterized by delayed and prolonged skin 
reactions, an absence of demonstrable antibodies in the blood stream, 
failure of passive transfer, and insusceptibility to acute shock on 
intravenous injection. The best method to produce this type of 
sensitiveness was to inject the given protein directly into a tuber- 
culous focus (a previously infected l3nmph node or testicle proved 
most convenient), and to test the animal within a period of three to 
ten days. The conclusions were drawn that in an infected animal a 
tuberculin type of hypersensitiveness to ordinary proteins could be 
produced, and that the distinctive characteristics of tuberculin 
sensitivity do not depend upon some special character of bacterial 
antigens or upon other secondary factors, but are the result of a 
special t3^e of sensitization. 

With such sharp immunological differences between the two types 
of hypersensitiveness it seemed only reasonable to expect that 
microscopic examination of the corresponding skin reactions should 
show clear-cut, recognizable differences. A survey of the literature, 
however, showed that no distinctive characteristics were generally 
recognized. 

Descriptions of the histological features of anaphylactic reactions 
are found in the papers of Arthus and Breton,® Gerlach,® and Opie,^® 
most of which, however, are based upon reactions produced in rab- 
bits. They agree essentially upon inflammatory edema, polymor- 
phonuclear infiltration and necrosis as the characteristic findings. 
Gerlach also studied reactions in guinea pigs, rats, dogs and the 
human skin. In these he obtained somewhat slighter reactions 
(though his antigen doses were still very large), in which serous and 
polymorphonuclear infiltration predominated and necrosis was less 
obvious or absent, but the results were essentially similar to those 
found in rabbits. He described one experiment with two guinea pigs 
tested 4 and 6 days after sensitization which showed at 48 hours a 
predominantly mononuclear infiltration. This corresponds closely 
to findings of our own which irill be described in the second part of 
this paper, though Gerlach made no comparison between it and 
tuberculin reactions. 
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Part I 

THE CONTRAST BET\VEEN THE HISTOLOGICAL RESPONSES IN THE 
TUBERCULIN (aLLERGIC) TYPE AND THE ANAPHYLACTIC 
TYPE OF SKIN REACTIONS 


Numerous irreconcilable differences between the experimental 
findings of Smith, Rosenau and Anderson, Otto and the innumerable 
other experimenters working with protein anaphylaxis, and those of 
the investigators of bacterial hypersensitiveness such as Rdmer, 
Baldwin, and Krause with tuberculin, Gay and Claypole with 
• typhoidin, Fleischer, Myer and Shaw with abortin and Helmann 
and Kalning with mallein pointed to the existence of two distinct 
types of h3persensitiveness. Zinsser ^ was the first to emphasise and 
clearly to express the essential points of dissimilarity which may be 
presented in tabular form as follows: 


Anaphylactic Type 


Tuberculin Type 


Skin tests 

Serum 

Results of 
intravenous 
injection 

Sensitizing 

antigens 


f Immediate 
\ Transitory 

( Antibodies demonstrable 
I Passive transfer possible 

I Acute shock 

Ordinary proteins 
J Bacteria and some of their 
) protein-containing products 


Testing antigens 


Proteins 

Carbohydrate fraction of 
bacteria (apparently the 
^ most effective) 


Delayed 

Prolonged 

Antibodies not demonstrable 

Passive transfer not possible 

Delayed shock 

Bacteria, best living but also 
killed if in condition to pro- 
duce granulomatous tissue 
response 

Bacterial proteins and protein- 
fractions only 


One of US (Dienes)^'’^ in a series of studies has been able to support 
Zinsser’s demonstration of an essential qualitative difference be- 
tween the two types of hypersensitiveness. In this work, however, 
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reactions obtained within a few days of sensitization became more 
and more apparent and they were eventually intensively studied, 
the results appearing in the second part of this paper. The study of 
the slight reaction, moreover, not only offers a technical advantage 
but also gives us more information concerning the probable role of 
hypersensitization in the economy of the organism. Under natural 
conditions hypersensitive tissues come in contact only with small 
doses of an antigen, or if exposed to larger doses, as in certain in- 
fectious lesions, they are probably desensitized. 

The following t3^es of skin reactions have been studied histo- 
logically: 

1. Tuberculin reactions 

(a) True tuberculin reactions. 

(&) Tuberculin t3^e reactions produced with egg-white or 
horse serum. 

2. Anaphylactic reactions 

(a) Passive. 

(b) Active. 

The experiments have been carried out in both normal and tuber- 
culous animals. Guinea pigs, for the most part, were used though 
in some experiments a small confirmatory series was nm in rabbits. 
In the studies upon tuberculous animals the possibility of a non- 
specific effect upon the histological picture was borne in mind. 
Kaufmann,^^ for instance, found that the blisters produced by 
cantharidin in tuberculous individuals showed a higher proportion of 
mononuclear phagocytes in the exudate than similar blisters pro- 
duced in normal individuals, and Sabin e( Medlar,^^ and other 
investigators have noted the less directly pertinent increased mono- 
nuclear count in the peripheral blood in certain stages of tuberculo- 
sis. Indeed Selter and Tancre,^® who noted the increased inflamma- 
tory response of tuberculous animals to many stimuli, regarded 
the tuberculin test itself as merely an intense form of this tendency 
of tuberculous animals. 

Technique: The animals used throughout the experiments have 
been so far as possible light colored, fully grown males. Areas have 
been prepared for injection by careful shearing or plucking. No 
depilatories have been used. Several skin tests of varying age were 
often made upon tire same pig without any noticeable desensitiza- 
tion. The animals were then killed, the appropriate areas cut out, 
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The older microscopic studies of the tuberculin reactions are 
somewhat contradictory. Most observers described it as a strong 
exudative reaction essentially like the Arthus phenomenon and 
minimized the difference of the anaphylactic and tuberculin types 
of hypersensitiveness (Spehl,^^ Auche and Augistrou In the 
German literature there are many claims that the tuberculin re- 
action reproduces the specific features of the tuberculous lesion 
(fit. see Blumenberg These claims are based upon the study of 
the late stages of skin reactions, several days to weeks old. The first 
stage of the reaction was regarded as an acute inflammatory response 
and received little attention. More recently Zieler and Hamel, 
the main proponents of the histological specificity of the tuberculin 
reaction, in a survey of the conflicting claims admitted that the 
microscopic structure of the reaction showed no sufficiently distinc- 
tive characteristic to differentiate it from the late stages of non- 
specific mflammatory processes (such as those following injection 
of B. coli vaccine), and that the only specificity of the tuberculin 
reaction lies in the fact that tuberculin produces its effect only in 
tuberculous animals. 

The closely allied problem of remfectious lesions will be discussed 
elsewhere. 

The failure of previous investigators to fiind significant differences 
between the two types of hypersensitivity might weU be explained; 
(i) by their choice of experimental animals, since rabbits rather than 
guinea pigs were usually used; (2) because strong reactions only 
were studied in which necrosis and the reaction to it dominated the 
picture, and (3) because the tuberculin reaction was not studied in 
the first few hours of its development when its special characteristics 
are most apparent. 

We decided to reattack the problem, making use of the methods 
of sensitization developed by Dienes in his former studies. We have 
devoted our attention particularly to reactions of moderate and 
even slight intensity, finding in the course of our study that in these 
weaker reactions the differences between the two types were most 
readily observed. Two procedures were available for producing such 
reactions, both of which we have made use of: (i) the testing of 
highly sensitive animals with minimal test doses, and (2) the testing 
of very slightly sensitive animals with larger doses. 

In the pursuit of this second method the significance of the early 
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reddish rings 2 to 3 on, in diameter. At 48 hours the central zone 
is yellow-brown in color, the surroimding ring entirely red. From 
72 hours on the brownish area dries up, forming a scab which 
eventually sloughs and falls off. The interval before complete 
healing is very variable. 

In very slight reactions only a red area of induration with some 
central blanching may be made out grossly. By increasing the test 
dose in animals whose degree of sensitization is slight, extensive 
reactions up to 4 cm. in diameter may be obtained which show no 
necrosis. In contrast, well marked necrosis may be obtained in 
highly sensitive pigs with a dose so small that a lesion only i cm. in 
diameter is produced. The development of necrosis is therefore 
independent of the size or extent of the lesion and must depend 
upon some difference in the reaction mechanism. 

An experience with the microscopic appearances of several hun- 
dred tuberculin reactions may be described in the following com- 
posite pictme. As early as 2 hours after injection of the tuber- 
culin, before any trace of reaction is visible grossly, the fixed tissue 
cells of the corium, both endothelial and fibroblastic, have become 
more prominent than normal and there is a well marked infiltration 
of large mononuclear phagocytes, with practically no admixture of 
polymorphonuclears. 

At 6 hours the mononuclear infiltration is much more marked, 
appearing in part diffusely but being most evident in focal collections 
situated in the adventitia of small vessels and nerves. Polymoipho- 
nudears may be present in moderate numbers, reaching in extreme 
instances 40 per cent of the invading cells, but more commonly com- 
prising not over 10 to 15 per cent of the total. Evidence of necrosis 
cannot usually be made out up to this time. The absence of edema 
is quite striking in comparison with anaphylactic tests. 

From 7 to 12 hours, in the stronger reactions, an alteration in the 
staining of the cells of the basal layer of the epidermis becomes 
apparent. The nudei may become pyknotic. The cytoplasm is less 
strongly basophilic and often becomes vacuolated. A zone of poly- 
morphonudear infiltration appears just beneath this degenerating 
layer. 

By 24 hours the necrosis of the epithelium is usually obvious and 
extensive. In the less severe reactions evidence of necrosis is sharply 
limited to this layer and a narrow zone of underlying derma. In the 
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pinned upon corks, fixed in formalin and embedded in paraffin. 
Several sections were prepared from each block beginning at the 
center of the reaction and working outward at 2 to 3 mm. intervals. 
The sections were stained with hematoxylin and eosin. 

Controls: In normal animals an intracutaneous injection of normal 
saline alone vnll produce a definite reaction. In the track of the 
needle there is a slight, rapidly developing necrosis and transitory 
polymorphonuclear infiiltration. It is almost wholly limited to the 
needle track, however, and the surrounding tissue — the zone par- 
ticularly studied in our experiments — shows only the faintest trace of 
polymorphonuclear and mononuclear infiltration. Egg-white, horse 
serum and synthetic tuberculin in the doses used show no more. 

In many tuberculous animals the slight injury caused by the in- 
jection of normal salt solution or of egg-white or horse serum caused 
a much more definite reaction with edema and some initial poly- 
morphonuclear infiltration. By 24 hours there was a slight but well 
marked predominance of mononuclears and the reaction was some- 
times indistinguishable from a minimal tuberculin response. The 
variations between individual animals were sufficient to make it 
desirable to examine a control of NaCl or indifferent serum in each 
animal tested. Under these conditions no difficulty was ejqperienced 
in judging the non-specific element of the reaction. As a further 
control of the effect of the tuberculous infection turpentine was 
injected intracutaneously into both normal and tuberculous ani- 
mals. In the former an intense polymorphonuclear infiltration 
occurred. In the latter this was quite as intense but a slight incre- 
ment of mononuclear infiltration was noted. The tuberculous in- 
fection evidently in no way inhibited the leukocytic exudation. 

The Histology of the Tuberculin Reaction 

The gross and microscopic appearances of tuberculin reactions 
vary enormously with the degree of sensitivity of the animal, its 
general condition, and the size of the test dose. A typical, moder- 
ately strong reaction might be expected to show the following gross 
changes. The bleb caused by the injection disappears in a short 
time. At 3 to 6 hours there is a slight, firm swelling with accompany- 
ing redness. At 12 hours a central necrotic spot begins to be appar- 
ent. By 18 to 20 hours a circumscribed violet (hemorrhagic) center 
0.5 to I cm. in diameter is seen surrounded by indurated white and 
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Tuberculin Type Lesions Produced with Egg-White 

Tuberculous animals sensitized according to the method of Dienes 
by injecting a protein such as egg-white or horse serum directly into 
a tuberculous focus showed on skin test 3 to 10 days later a type of 
skin reaction corresponding in every detail of gross and microscopic 
appearance with the usual tuberculin tests described above. There 
was the same mononuclear predominance up to 6 hours, and again 
after 48 hours, with an intermediate period of relative pol3miorpho- 
nuclear increase at approximately the same period as the develop- 
ment of epithelial necrosis. 

Since strong reactions of this type could be produced only in 
tuberculous animals it was obviously necessary to bear in mind the 
non-specific tendency of tuberculous animals to react to all inflam- 
matory stimuli with a heightened mononuclear response. The de- 
gree of mononuclear infiltration in our test animals was, however, 
far greater than that observed in the non-specific control reactions. 
Moreover the further experiments recorded below and also those in 
Part n serve as added controls. In these we will show that an ana- 
phylactic response produced in a tuberculous animal is characterized 
by only a slight mononuclear increase over the reaction produced in 
normal animals, and also that in non-infected animals a typical 
tuberculin type of reaction, albeit a weak one only, can be produced 
which shows particularly clearly the mononuclear predominance. 

Anaphylactic Type Skin Reactions 

For reasons which will become evident in the second part of this 
paper skin tests upon passively sensitized animals present a sharper 
histological contrast to the tuberculin type of reaction than do tests 
upon actively sensitized animals. To emphasize this contrast the 
passively sensitized animals will be discussed first, 

Anaphyhctic Type, Passive Sensitization 

Technique: The animals, guinea pigs and rabbits, were passively 
sensitized with strong homologous sera, anti-egg-globulin in the case 
of the pigs, anti-egg-v/hite in the case of the rabbits, and skin tested 
vith o.i mg. a few days later. Egg-globulin was selected for some 
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more severe reactions a hemorrhagic type of necrosis of the under- 
lying connective tissue may be fairly extensive. At this time the 
mononuclear predominance in the formula of the invading leuko- 
cytes is much less marked, and the polymorphonuclears may rise to 
60 to 70 per cent of the invading cells. The mononuclears persist in 
large numbers, however, and even at this stage are far more numer- 
ous than at any period in the anaphylactic type of reaction. 

By 48 hours regenerating epithelial cells can be seen growing in 
from the edges of the lesion beneath the necrotic remnants of the 
original epithelium, but above the underl3ang zone of connective 
tissue infiltrated with leukocytes. The polymorphonuclears are now 
sharply restricted to this zone and the deeper and peripheral parts 
of the lesion show an almost purely mononuclear infiltration. A 
considerable proportion of the pol3miorphonuclears are beginning to 
show evidences of degeneration, including fragmentation. The 
mononuclears on the other hand appear relatively uninjured and 
many of them contain phagocyted debris of the necrotic polymor- 
phoHUclears. In many the cytoplasm is somewhat swollen, more 
acidophilic than in the earlier stages, and more suggestive of the 
“epithelioid” appearance of the cells in true tubercular lesions. 

In summary then, in the average tuberculin reaction of moderate 
intensity, a wandering ceU infiltration predominantly mononuclear 
in character occurs. The mononuclear predominance is greatest in 
the early stage, up to 6 hours, and again in the late stages from 
48 hours on. During the intermediate stage from about 7 to 48 hours 
the proportion of polymorphonuclears increases but rarely becomes 
predominant. During approximately this same period signs of de- 
generation and necrosis of the epithelium occur and the zone of 
polymorphonuclear infiltration is most intense in the neighborhood 
of the degenerating epithelial cells. 

In less severe reactions, either m highly sensitive animals tested 
with a very small dose, or in recently inoculated animals in which 
the sensitiveness is not fully developed, the mononuclear predom- 
inance is still more marked at all stages up to 48 hours. In these 
reactions evidence of necrosis can rarely be made out. 

The findings suggest, but are not suf&cient absolutely to prove, 
that the pol3morphonudear infiltration evident in the middle period 
of the moderately strong reactions is in part, at least, secondary to 
necrosis of epithelium. 
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above 15 per cent) was noticeable at i and 6 hours, but at 24 and 
48 hours a definite mononuclear infiltration was evident. This, 
however, was no more marked than that of the salt solution controls. 

Anaphylactic Type, Active Sensitization 

Technique: The two animals used in these experiments were 
tuberculous. Egg-white was injected first into the tuberculous 
lesions and 6 days later 15 mg. were given intravenously. On sub- 
sequent skin tests they showed strong reactions of the anaphylactic 
type, whereas another group similarly treated, except for the in- 
travenous injection, showed the tuberculin t3q)e of reaction. Two 
months later, after repeated skin tests, they were retested with 
o.oi mg. (iV the usual dose) and the reactions were examined at i, 
6, 24 and 48 hours. 

Grossly both pigs showed at i hour a wheal 16 mm. in diameter 
which increased to 22 mm. at 6 hours, then rapidly faded to a trace 
of redness without swelling at 24 hours. 

Microscopically at i hour there was marked edema and a strong 
infiltration with polymorphonudears, both diffuse and in clusters in 
the corium. The proportion of mononuclears was very small. 

At 6 hours the edema and polymorphonuclear infiltration were 
still more marked. The proportion of mononuclears was slightly 
greater but still small in proportion to the number of granulocytes. 
No morphological evidence of necrosis was observed. 

At 24 hours the edema and polymorphonuclear infiltration had 
largely disappeared, except for a small central zone in the trauma-, 
tized area. A diffuse, fairly marked, predominantly mononuclear 
infiltration of the loose subcutaneous tissue was present, which did 
not, however, show the closely packed accumulations of mono- 
nuclears found in the tuberculin type reactions. 

In other experiments reactions macroscopically and microscopi- 
cally similar were observed in non-infected, actively sensitized pigs. 

SUilMARY AND DISCUSSION 

The gross and histological pictures of the skin reactions in the 
anaphylactic and tuberculin t>T3es of hypersensitivity have been 
described and contrasted. The differences were found to be particu- 
larly emphasized in reactions of slight intensity on the one hand, and 
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of these tests because various proteins show relatively different 
powers of producing one or the other type of sensitivity. Egg-al- 
bumin, for instance, more readily produces the anaphylactic t3p)e, 
egg-globulin the tuberculin t3p)e. Therefore an anaphylactic type 
of reaction produced with egg-globulin is especially significant in 
demonstrating that the method of sensitization is more important 
than the chemical nature of the antigen. The egg-globulin prepara- 
tion was of sufficient purity so that no precipitate was obtained with 
egg-albumin serum and that it failed to produce shock in animals 
sensitized with egg-albumin. The ovomucin, however, was not re- 
moved. 

In such passively sensitized animals skin tests produced a rapidly 
developing wheal reaching in i hour 16 to 20 mm. in diameter with 
a peripheral pink or red zone of variable width. The reaction per- 
sisted up to 6 hours with but slight diminution in intensity, then 
faded quickly away. At 24 hours no trace remained except for the 
pin-point scar of the needle prick. 

The microscopic appearances were quite different from those of 
the tuberculin tests. At i hour the blood vessels were dilated, the 
corium showed a marked diffuse edema, and polymorphonuclears 
were scattered in large numbers throughout the tissue. No increase 
in mononuclear elements could be made out. 

At 6 hours the congestion and edema had slightly decreased. The 
polymorphonuclear infiltration on the other hand was more dense 
and a small number of large mononuclears had appeared. At 24 
hours almost no trace of reaction was left except for a few scattered 
mononuclears. 

In normal rabbits passively sensitized with anti-egg-white serum 
the gross reaction with 0.1 mg. of egg-white was less obvious and 
somewhat slower in development. By 6 hours, however, a small, 
soft, swollen, reddish spot was evident, which had decreased at 
24 hours to a trace of redness. Microscopically the 6 hour reaction 
showed marked edema and dense infiltration with characteristic 
pseudo-eosinophilic polymorphonuclears and small numbers (5 to 
10 per cent only) of mononuclears. 

In the tuberculous animals similarly treated no gross difference 
in the reactions could be made out except that the local scar of the 
needle pimcture was a trifle more noticeable and more persistent. 
Microscopically a slight increase of mononuclear leukocytes (not 
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derlying factor in the stage of anaphylactic hypersensitiveness, so 
that what we are observing is really a mixed reaction with a pre- 
dominance of the anaphylactic type. 

Necrosis, though it occurs in the stronger anaphylactic type of 
reactions as described by Arthus and Opie, was not obvious in our 
experiments since the doses were purposely kept low. When it occurs 
it is, according to the observations of Opie and Gerlach, most marked 
in the fibroblastic and endothelial elements rather than in the epi- 
theliiun. In tuberculin sensitivity, on the other hand, necrosis is the 
rule if the animal be highly sensitized even when the test dose is very 
small. Though in severe reactions extensive necrosis of all tissue 
elements may occur, in the slighter reactions it seems to be more or 
less selectively limited to the epithehum. 

In this connection the results obtained by Aronson in tissue cul- 
tures are of interest. He found that cultures prepared from tuber- 
culous animals were killed by the addition of tuberculin, whereas 
cultures prepared from anaphylactically sensitive animals were un- 
injured by the addition of the appropriate antigen. 

In the tuberculin type of h)^ersensitiveness the contact of cells 
and antigen starts an entirely different biological process from that 
produced in the anaphylactic type. 

CONCLDSIONS 

A histological comparison of the skin lesions of the anaphylactic 
and the tuberculin types of h)^ersensitiveness under appropriate 
conditions permits us to add to the already recognized differential 
points: (i) an initial hyperemic and exudative phase in the ana- 
phylactic type contrasted with an initial phase of cellular infiltration 
in the tuberculin type; (2) a tendency to a predominantly poly- 
morphonuclear leukocyte infiltration in the anaphylactic, compared 
with a predominantly large mononuclear infiltration in the tuber- 
culin type, and (3) a tendency to selective epithelial necrosis in the 
tuberculin type, not observed in the anaphylactic type. 
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in animals with, relatively low sensitivity on the other. At all stages, 
however, recognizable differences between the two types occur, and 
these differences must be considered qualitative not quantitative. 

The tuberculin type of reaction, whether produced with tuber- 
culin or, in an appropriately treated animal, with a protein such as 
egg-white or horse serum, is characterized by the slow development 
of exudative phenomena and the early infiltration of mononuclear 
phagocytes. At a later period, from 12 to 24 hours, necrosis, most 
marked in and sometimes selectively localized to the epithelium 
appears. At the same period a marked increase in pol3miorpho- 
nudear infiltration occurs, the temporal concurrence and the local- 
ization to the neighborhood of the degenerating epithelium suggest- 
ing that the leukocytic invasion may be primarily a reaction to 
necrosis. In tuberculin tests upon animals of relatively low sensitiv- 
ity necrosis may not develop even in extensive reactions produced 
with large doses. In such reactions polymorphonuclear infiltration 
also remains slight. 

In passively produced anaphylactic type reactions is found the 
sharpest contrast to this picture. In such reactions a rapidly de- 
veloping edema, quickly followed by a fairly intense polymorpho- 
nuclear infiltration are the first phenomena observed. This reaction 
reaches its height somewhere between i and 6 hours and then 
rapidly fades away. At 24 hours a few persisting mononudears are 
the only trace of the reaction. 

In passive anaphylactic reactions produced in tuberculous ani- 
mals a slight increase in the proportion of mononudear phagocytes 
is noted. This is, however, no greater than the mononudear reaction 
produced by indifferent sera or by salt solution in the same animals 
and does not significantly affect the marked polymorphonudear 
predominance in the formula of the invading wandering cells. 

In actively produced anaphylactic reactions, whether in normal 
or tuberculous animals, there is again a slight infiltration with 
mononuclears, evident at 6 hours and predominant at 24 hours. 
Their number, however, remains far below that seen in tuberculin 
type reactions and they fail to show the perivascular and perineural 
dusters so characteristic of that t)q)e. 

Part 11 of this paper will present evidence for believing that in 
actively sensitized animals a certain amount of the tuberculin type 
of hypersensitiveness may develop along with, or persist as an un- 
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groin in the usual fashion. The uninfected guinea pigs were sensi- 
tized mtraperitoneally. Skin tests in all instances were done at short 
intervals, from 3 to 6 days after sensitization. 

Experiment I 

Tuberculous guinea pigs sensitized with egg-white, tested on the 
third and fourth days. 

Table I 


2 Hour and 24 Hour Readings of Skin Tests Performed on Tuberculous Guinea Pigs on 
3rd and 4ih Days after Sensitization 



March 13 

March i6 

i 

March 17 

Guinea 
pig No. 

Sensitization 

Skin tests with 0.2 mg. 
egg-white i.c. 

Skin tests with 0.2 mg. egg-white i.c. 

2 hr. reading 

24 hr. reading 

2 hr. reading 

24 hr. reading 

308 

3 mg. 

egg-white i.p. 

Tr. white 

20 X 20 red 
tr. sw. 

1 


311 

U 

Neg. 

12 X 12 tr. 

1 


309 

it 



Tr. red and sw. 

SI. sw.i 

314 

1 




Tr. red and sw. 

12 X 21 bright 
red 

307 

Unsensitized 

control 



Tr. red 

Tr. red 

310 




Tr. red 

10 X 10 tr.* 


In this and the following tables the numbers signify mm., sw. = swelling, si. = slight, 
tr. = trace. 

All animals had received on March 5 (8 days before sensitization) 20 mg. Ri tubercle 
bacilli intraperitoneally. 

> Guinea pig had a darh shin obscuring redness. 

’ Site of injection scratched. 

Hislology of Skill Lesions: The reactions observed were typical 
of rather mild tuberculin reactions, with a strong mononuclear in- 
filtration, very few polymorphonuclears, no obvious necrosis. The 
appearances do not differ qualitatively from those obsei^red in un- 
infected animals but are quantitatively distinctly more intense. 
The unsensitized tuberculous animals used as controls showed very 
slight infiltration which was predominantly polymorphonuclear in 
character. 
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Part II 

THE TUBERCULIN (aLLERGIC) TYPE OF RESPONSE IN THE FIRST 
PERIOD OF SENSITIZATION AND ITS RELATION TO THE 
PROCESS OF IMMUNIZATION 

In the introduction to the first part of this paper we emphasized 
the importance of studying relatively mild reactions in order to 
obtain the sharpest differentiation between the anaphylactic and the 
tuberculin types of reaction. One of the methods used was the study 
of early skin tests, shortly after sensitization, when hypersensitivity 
was as yet incompletely developed. The study of these early re- 
actions, moreover, served not only to emphasize the differences in 
histological reaction in the two types of hypersensitivity, but to 
throw an entirely new light upon the significance of the tuberculin 
type of h5^ersensitiveness by showing that it is a usual and perhaps 
universal stage in the immunological response of the organism to 
foreign protein injection. 

When animals, tuberculous or uninfected, are tested with ordinary 
protein antigens within a short period (3 to 6 days) of sensitization, 
specific skin tests are obtained which show aU the essential criteria 
of the tuberculin type of hypersensitivity. This has been pointed 
out before by Dienes in the case of appropriately treated tuberculous 
animals in which the gross appearances of the reactions are char- 
acteristic enough to determine the nature of the hypersensitivity. 
In the case of uninfected animals such strong reactions are never 
obtained. Grossly there is only the delayed development of shght 
hyperemia and induration which persists for 48 to 72 hours. On 
microscopic examination these reactions show the same mononuclear 
predominance described in our first paper as characteristic of the 
tuberculin type of sensitivity, and with this additional criterion we 
feel that there can be no doubt as to their classification. 

Our experiments fall into two groups, the first performed upon 
tuberculous animals, the second upon uninfected ones. The tuber- 
culous pigs were prepared by intraperitoneal infection and subse- 
quent injection of the protein antigen into the peritoneal cavity — 
a method equivalent to direct injection into a tuberculous lesion. 
The rabbits were inoculated directly into a tuberculous node in the 
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predominate. In the control reactions the infiltration is very much 
less extensive and pol3nnoiphonuclears make up 6o to 8o per cent 
of the invading cells. 


Table m 

4. Hour and 24 Hour Readings of Skin Tests on Uninfected Guinea Pigs 6 Days after 
ScTisilization with Egg-white or Horse Serum 



December 22 

Skin tests December 28 

Guinea 
pig No. 


Egg-white 0.2 mg. 

Horse serum 0.00s cc. 

Tuberculin 

Sensitization 

i 

4 hr. 
reading 

1 

24 hr. 
reading 

1 

4 hr. 
reading 

24 hr. 
reading 

i 

24 hr. 
reading 

68 

1 

5 mg. egg-white i.p. 

Neg. 

10 X 10 
red 

Neg. 

Neg. 

Neg. 

69 

1 

U 

Neg. 

20 X 22 
red 

Neg. 

Neg.^ 

Neg. 

70 1 

! 

o.i cc. horse serum i.p. 

Neg. 

Neg. 

Neg. 

12 X 10 
red 

Neg. 

71 

U 

Neg. 

Neg. 

Neg. 

14 X 12 
red 

Neg.* 


> These animals showed a trace of rctoess about the puncture wound. 

This experiment was twice repeated with similar results, both grossly and histologically. For histological 
purposes these animals were killed 24 hours after skin testing. In other similarly treated animals, not sacri- 
ficed, the area of induration and redness persisted 48 hours before beginning to fade. Delayed and pro- 
longed reactions of this type have been obtained as early as the third day after injection. 

At 24 hours the infiltration is much more intense and averages 
85 to go per cent mononuclear. No necrosis was observed in these 
reactions except in the line of the needle pimcture. 

Summary of Experiments 

Experiments have been recorded describing the .skin reactions in 
sensitized animals, both tuberculous and uninfected, in the earliest 
detectable stage of hypersensitivity. It has been shovra that the 
skin tests of this first phase of allergy show all the essential character- 
istics, not of the anaphylactic but of the tuberculin type of 
hypersensitivity. They are delayed in appearance, showing nothing 
grossly before 6 hours; they persist 48 hours or longer, and micro- 
scopically they show a predominantly mononuclear cellular infiltra- 
tion in contrast to the polymorphonuclear infiltration characteristic 
of the anaphylactic type. The reactions observed in uninfected 
animals do not differ qualitatively from those of tuberculous animals 
but are quantitatively distinctly less intense. 
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Experiment II 


Tuberculous rabbits sensitized with egg-white and tested 3 and 5 
days later. 


Table II 

2 Eour and 24 Hour Readings of Skm Tests on Tuberculous Rabbits Sensitized with Egg- 
white j and 5 Days after Sensitization 


Rabbit No. 

Skin tests on 3rd day 

Skin tests on sth day 

1 

3 hr. reading 

24 hr. reading 

3 hr. reading 

24 hr. reading 

I6S 

Neg. 

16 X 13 tr. red 



167 

Neg. 

16 X 13 tr. red 



164 



Neg. 

28 X 23 
bright red 

. 163 



Neg. 

Small whitish 

Controls 



Neg. 

Neg. 


The four rabbits had been twice injected in the groins with the Ri tubercle bacillus 
strain. When a large swelling appeared 2.5 mg. of egg-white were injected into the 
swollen tissue. The dose used for skin testing was 0.5 mg. 


In other experiments, to be fully described elsewhere, tuberculous 
rabbits showed no skin reaction 2 days after sensitization, but a 
well marked reaction in 4 days. 

The microscopic findings in these rabbits were essentially similar 
to those of the guinea pigs, a marked mononuclear infiltration being 
the predominant feature. 


Experiment III 

Uninfected guinea pigs sensitized and tested on the sixth day with 
egg-white or horse serum. 

Microscopically these lesions show at 6 hours, the time at which 
they first become macroscopically visible, a marked infiltration with 
mononuclear cells. This is particularly marked in the immediate 
subepithelial layer and also in the loose tissue between the corium 
and the muscularis. Polymorphonuclears may be almost absent or 
present in moderate numbers, the usual formula being about 80 to 
90 per cent mononuclears to 20 to 10 per cent pol3anorphonuclears. 
In rare instances the latter may rise almost to 50 per cent but never 
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sensitization with different proteins, all are characteristic of the 
tuberculin type of sensitivity, and we feel justified in concluding that 
it is a manifestation thereof. The tuberculous infection, therefore, 
is not essential to the development of this type of allergy, but serves 
merely to intensify it and also under some circumstances to prolong 
it and put off or prevent the appearance of the anaphylactic type. 

Tuberculin hypersensitiveness, as we observe it in the course of a 
tuberculous infection, represents a strong and persistent develop- 
ment of the first stage of the sensitization process made possible by 
the special conditions created in the organism by the infection. 

In this early stage of sensitization antibodies cannot be demon- 
strated in the blood stream by precipitin tests or complement fixa- 
tion. If circulating antibodies are involved in the mechanism of this 
type of hypersensitivity they must be of an unknown nature or else 
exist in the blood stream in some as yet undetectable form. It ap- 
pears more probable that we are dealing with an altered tissue re- 
activity, as specific to the protein antigen arousing it as are the 
usual serum reactions. 

The conception of the relation between the tuberculin type of 
hypersensitiveness and the usual protein sensitization developed 
above resembles closely the often expressed opinion that tuberculin 
sensitivity is due to antibodies fixed upon the cells, whereas in the 
anaphylactic type circulating antibodies are responsible. Bessau 
and Detering,^^ moreover, after showing that in children injected 
with horse serum marked skin sensitiveness may develop before 
antibodies appear in the circulation, expressed the opinion that this 
early stage of sensitization corresponds with tuberculin h3mer- 
sensitiveness. Our conception is essentially in accord with theirs, 
but with animal experimentation it was possible to obtain more 
extensive evidence in its support. 

Scattered observations entirely consistent with those we have re- 
ported are not infrequent. The finding by Gerlach ® of predomi- 
nantly mononuclear infiltration in two guinea pigs tested on the 
fourth and sixth days after sensitization has already been mentioned 
in the introduction to our first paper. Redfem,-^ moreover, de- 
scribed reactions in the human skin, produced by reinjecting horse 
serum after a relatively short interval into the original sensitizing 
site, which were characterized by an infiltration' of round cells which 
he regarded as lymphocytes. Spehl,“ in a description of the liis- 
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Discussion 

In Part I of this paper we showed that a sharp difference was 
recognizable in the histological appearances of the skin reactions in 
the anaphylactic and the tuberculin types of hypersensitiveness. 
The former was characterized by a highly transitory but fairly in- 
tense serous and poljTnorphonudear exudation, the latter by a slow 
and relatively persistent mononuclear infiltration. These differ- 
ences were particularly sharp in the less intense reactions, the maxi- 
mal contrast being obtained between a passively sensitized anaphy- 
lactic animal and an early tuberculin test upon an animal still in a 
low degree of hypersensitivity. It was noted that in actively sensi- 
tized anaphylactic animals the contrast, though still readily dis- 
cernible, was not so sharp, since a slightly higher proportion of 
mononuclears was evident at all stages than in the passively sensi- 
tized animals and the lesion was a little less rapidly evanescent. We 
felt justified in concluding that the mononuclear-polymorphonudear 
ratio could be added to the already known criteria of differentiation 
between the two types of h3^ersensitivity. 

In tuberculous animals it had already been found possible to 
produce at will an anaphylactic or a tuberculin type of hypersensi- 
tivity to the same protein (such as egg-albumin, egg-globulin or 
horse serum) by suitable variations in experimental technique. By 
the third day after sensitization a slight but definite tuberculin type 
of sensitivity could be demonstrated which increased in intensity for 
several days. After a variable period of time, greatly influenced by 
the mode of sensitization, the stage of the tuberculous infection, 
subsequent protein injections even as skin tests, and other factors 
which will be discussed at length elsewhere,^® the anaphylactic stage 
of hypersensitiveness may supervene. Whether or not a certain 
degree of persistence of the tuberculin type of hypersensitiveness 
occurs after the development of the anaphylactic type is uncertain, 
but is suggested by the higher ratio of mononuclears in the skin tests 
upon actively sensitized as against passively sensitized animals. 

In the present paper skin tests upon uninfected sensitized animals 
performed in equally early stages of sensitization have been de- 
scribed and found qualitatively similar though quantitatively less 
intense. The delayed reaction, the prolonged character, the mono- 
nuclear predominance, the specific character, as proved by cross- 
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tology of tuberculin reactions mentioned the early necrosis of the 
epitlielium and also noted that at certain stages the infiltrating 
wandering cells were mostly mononuclear. Perhaps, also, the his- 
tological finding in reinoculation experiments with vaccinia virus of 
a mononuclear infiltration of the corium is e\idence of a similar 
mechanism in the field of the %irus diseases. 

The significance of sucli a conception to immunological theory 
and the morphology of infectious lesions is evident. If a specific 
tissue response occurs as early as the third day after parenteral in- 
troduction of an antigen, a tuberculin type of allergj’- may play a 
r 61 e in the cellular response to a great variety of infectious agents. 

It is interesting to recall in this connection that the four diseases 
in w^hich this type of h>TDersensitivity has long been recognized — 
tuberculosis, glanders, typhoid and the Brucella infections — are 
all diseases in whidi mononuclear phagocytes, at least in certain 
stages, dominate tlie cellular response. The assumption has often 
been made in the past that the granulomatous nature of the infec- 
tion might be the cause of the delayed type of hypersensitiveness 
shown in these diseases. The experiments described in this paper at 
least suggest a converse relationship, that a tuberculin type of 
hypersensitivity may be the determining factor in the mononuclear 
infiltration. 


Conclusions 

1. The tuberculin type of hypersensitiveness represents the first 
stage of the immune response to parenterally introduced protein 
antigen. 

2. It occurs in uninfected as well as in tuberculous animals. 

3. A tuberculous infection quantitatively increases it but does 
not alter it qualitatively. 

4. It may be demonstrable as early as the third day after sensi- 
tization. 



DESCRIPTION OF PLATES 


Plate 112 

Fig. I. A tuberculin reaction of slight intensity produced on the fourth day 
after infection by the intracutaneous injection of o.oi cc. of synthetic 
tuberculin. The lesion was excised 6 hours after the injection. 

The reaction consists of a predominantly mononuclear infiltration most 
marked in the perivascular tissues. There is no apparent edema or necrosis. 

Fig. 2. A tuberculin type of reaction produced with 0.2 mg. of egg-white in a 
tuberculous rabbit 4 days after sensitization by the injection of 5 mg. of 
egg-white directly into tuberculous lesions. 

The morphological character of the lesion is in all respects similar to that 
of the true tuberculin reaction illustrated in Fig. i. 
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Plate- 113 

Fig. 3. An anaph3’lactic t3’pe of reaction produced in a passive^ sensitized 
rabbit 6 hours after the intracutaneous injection of 0,2 mg. of egg-white. 

The diffuse edema and the predominantl3f po]3Tnorphonuclear character 
of the invading leukoc3’-tes is evident. 

Fig. 4. A reaction produced in an uninfected guinea pig b3r the intracutaneous 
injection of 0.2 mg. of egg-white. The pig had been sensitized 72 hours 
before b3’' intraperitoneal injection of 2 mg. of egg-white. The lesion was 
e.\cised 6 hours after the injection. 

The mononuclear response, most marked in the perivascular tissues, is 
characteristic of the tuberculin t3'pe of sensitization. 
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vesicular and disappeared. The Golgi apparatus was fragmented 
and there was an extrusion of nucleolar material. 

Woodruff and Goodpasture,® in a series of interesting experi- 
ments, isolated inclusion bodies from the epithelial lesions by tryptic 
digestion and were able to reproduce the disease by inoculation with 
a single inclusion body obtained by using Chambers’ micropipette 
apparatus. They concluded that the inclusions were composed of 
minute bodies which represented the virus. Later these authors, 
by breaking up the inclusion body, demonstrated the infectivity of 
the “Borrel bodies,” as compared with the non-infectivity of the 
lipoidal components of the inclusion. 

Because of the possibility that viruses may be adsorbed onto the 
inclusion body, any information which can be obtained concerning 
the chemical nature of the inclusion should be of value. Further- 
more, a knowledge of the chemical make-up of the inclusion may 
>neld data concerning its origin from the various cell constituents. 
With this in mind, Scott ^ applied the technique of microincinera- 
tion to the study of the nuclear inclusions found in the submaxillary 
glands of guinea pigs. Later, Covell and Danks,^ while investigating 
the nature of the Negri body, made use of the same technique and 
found that the Negri body contains certain inorganic constituents. 
They suggest from these findings that the Nissl substance and the 
basophilic nudear chromatin are principally concerned in the for- 
mation of the Negri body. The inclusion of fowl-pox being an ex- 
tremely large one makes it favorable material for a chemical exami- 
nation. It was decided, therefore, to apply this method to the 
indusions of fowl-pox and ascertain what inorganic constituents, if 
any, they contain. The microindneration technique used was that 
devised by Policard ® and more recently modified and applied to the 
study of cj'tological problems by Scott.® 

Small pieces of tissue from 8 and 12 day lesions of fowl-pox were 
fixed in neutral formalin and absolute alcohol mixture (i part of 
neutral formalin to 9 parts of absolute alcohol) for approximately 
24 hours.* They were then dehydrated in several changes of abso- 
lute alcohol and embedded in paraffin. Serial sections were cut 4 or 5 
microns in thickness and alternate ones were mounted on slides, 
using absolute alcohol as a floating medium and avoiding contact 

• Tiiis material vvas obtained through the courtesy of Dr. C. Eugene Woodruff of 
Vanderbilt University. 



A mSTOCHEMICAL STUDY BY MICROINCINERATION OF THE 
INCLUSION BODY OF FOWL-POX * 

W. B. C. Banks, M.R.C.V.S. 

ROCKEFELLER FOONDATION FELLOW 

{From the Anatomical Laboratory, Washington University School of Medicine, 

St. Louis, Missouri) f 

The inclusion bodies occurring in the epithelial cells of fowls in- 
jected with fowl-pox virus have attracted the attention of many 
investigators since their discovery by BoUinger.^ Previous to 1900 
many authors believed them to be microorganisms or parasitic pro- 
tozoa. Later this h3^othesis gave way to the theory that they were 
products of cellular degeneration due to the action of the virus. 

One of the most important of the earlier contributions was that of 
Borrel,^ who showed that smear preparations from the lesions re- 
vealed numerous, extremely small, coccoid-like bodies. Burnet,® two 
years later, confirmed this work and showed that in stained sections 
from the lesions these minute bodies and the inclusions occurred in 
the same cell. These findings led to the belief that the “Borrel 
bodies” were the causal microorganisms bound up within the cel- 
lular inclusions. This theory was upheld by many other authors 
but some still considered the inclusions (Bollinger bodies) to be 
simply a product of cellular degeneration. Among those who have 
supported the latter view are Ludford and Findlay,^ whose inter- 
pretations, based upon a very detailed cytological study, were that 
the “Bollinger bodies” were a product of the reaction of the cell to 
the virus, rather than stages in the life cycle of an actual organism. 
They showed that the earliest stage in the formation of the inclusion 
bodies was a small vacuole, to the periphery of which minute granules 
were attached. The vacuoles then increased in number and size and 
in many instances coalesced to form one large inclusion body. These 
virus vacuoles, they pointed out, were enveloped by a lipoid sac and 
had an internal granular appearance. They further demonstrated 
the changes occurring in the mitochondria, which usually became 

* Received for publication June 30, 1932. 

t Aided by an appropriation from a grant made by the Rockefeller Foundation to 
Washington University for research in science. 
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extent revealed by the color of the oxides to which the inorganic 
constituents are reduced; free iron is represented by a reddish ash; 
calcium, along with other salts such as magnesium, leaves a grayish 
white ash; and organically boimd iron, a distinctly yellow residue. 
The “Borrel bodies,” therefore, presumably contain a large amount 
of calcium, as in the incinerated inclusions they are represented by 
minute particles which are grayish white in color. 

Discussion 

It is interesting that the findings in the Negri body and in the 
fowl-pox inclusion are the same in so far as there is a definite inor- 
ganic residue in both following incineration at high temperatures. 
This would suggest that the “Borrel bodies,” like the Negri body, 
are perhaps products of degeneration of certain cell constituents, 
due to the action of the virus. It would appear from the results 
obtained by Woodruff and Goodpasture, who demonstrated the in- 
fectivity of “Borrel bodies,” that the virus is so strongly combined 
with the inclusions that tryptic digestion and subsequent washings 
do not interfere with the union to any marked extent. This hypoth- 
esis is not imlikely, as it can be assumed that the “Borrel bodies” 
by virtue of their inorganic constituents might form a suitable sub- 
stance for the adsorption of virus. That this is a possibility in the 
case of the Negri body and other inclusions is still to be proved by 
employing the technique of Woodruff and Goodpasture. 

The incinerated sections of normal fowl skin show that the epi- 
thelium is rich in mineral ash, of which calcium forms a large part. 
The nuclei of normal nerve cells consistently show a small quantity 
of light brownish yellow ash, indicating the presence of masked iron; 
peculiarly enough, the nuclei of epidermal cells vary considerably in 
their -vnsible content of this element. In sections of human skin, for 
example, the nuclei of some cells are devoid of visible iron while 
others adjacent to them possess it in relatively large amounts. With 
the available material it was impossible to determine whether the 
same holds true for the nuclei of normal skin cells of the fowl. It is 
conceivable that if a fundamental difference in chemical make-up 
e.xists in the nuclei, and perhaps also in the cytoplasm of epidermal 
cells, this might account for the affinity of certain cells for virus. 

Although it can be seen that the nuclei of cells containing fowl-pox 
inclusion bodies show a decided decrease of inorganic salts, it could 
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with water. The excess of absolute alcohol W’^as poured off and the 
sections allow^ed to dry. The slides were then placed one by one in 
an electric quartz tube oven and heated tlirough a range of tempera- 
tures from about 4o°C to 525°C for 25 minutes and, finally, gradually 
increased to 6o4°C over a period of 10 minutes. The slides were 
removed from tlie oven and cooled slowly. In order to protect the 
ashed remains coverslips w’cre placed over tliem and the edges sealed 
with paraflin. The sections were then examined by means of a Zeiss 
cardioid condenser. The remaining sections of the series were 
mounted and colored with erj’-tlirosin-azur; tliese served as controls. 

As can be seen from Figure i, tlie control sections showed typical 
fowl-pox inclusion bodies. The lesions were quite far advanced, most 
of the affected epithelial cells w'ere sw^ollen and in some the nuclei 
had cither disappeared or w^ere represented by a small basophilic 
staining body at one side of the cell. Other less affected cells re- 
vealed the nucleus and the nucleolus quite clearly. Examination of 
a similar area of the incinerated sections demonstrated an inorganic 
residue in the inclusion bodies. The refraction of light from the 
deposits of mineral salts, both in the tissues and in the inclusions, 
made it impossible to photograph successfully details easily visible 
by direct examination of the preparations. 

Under high power (oil immersion) the control sections, colored 
with erythrosin-azur, showed typical bodies, many of which con- 
sisted of a pink-staining outer area surrounding a clear irregular 
central area (see Fig. 2). This appearance was helpful in locating 
the inclusions in the incinerated tissues, as can be seen in Figure 3. 

Cells of normal skin which have been incinerated show a consider- 
able quantity of evenly distributed ash. The nucleus contains more 
mineral than the surrounding cytoplasm and stands out distinctly 
in the dark-field picture. By contrast the pathological cells show a 
notable decrease in the amount of both nuclear and cytoplasmic 
residue. The inclusion bodies themselves consist of a large aggrega- 
tion of minute particles of gra)dsh white ash (Fig. 4). Many cells 
show inclusions with this collection of small particles of ash around 
mineral-free, irregular central areas. This is depicted in Figure 3. Un- 
fortunately the individuality of the particles of inorganic residue is 
obscured by refraction. These small particles of mineral ash appar- 
ently correspond with what are termed “Borrel bodies” both in 
relative size and in location. The nature of this ash is to some 
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DESCRIPTION OF PLATE 
Plate 114 

Fig. I . Control section of skin lesions from chicken showing numerous fowl-pox 
inclusion bodies (erythrosin-azur). x 300. 

Fig. 2. Section from the same portion of tissue as Fig. i, showing inclusions 
under high power, x 750. 

Fig. 3. Incinerated section showing typical inclusion bodies (o) lying within 
the cell boundaries (6). Dark-field illumination, x 750. 

Fig. 4. Incinerated section under oil-immersion lens shouang a cell containing 
a circular inclusion body {a) which reveab the particles of ash representing 
the residue of incinerated “Borrel bodies." The faintly outlined residue 
of the cell membrane (6) encloses the remains of the nucleus which is 
slightly to the left of the inclusion body (o). Dark-field illumination. 
X 750 - 
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not be concluded that this was the origin of the material forming the 
inclusion, as has been suggested for the Negri body. It is worthy of 
note, however, that these observations support those of Ludford 
and Findlay with regard to the extrusion of chromatin from the 
nucleus. 

In 1930 Scott observed that the nuclear inclusion produced by 
virus of the submaxiUary gland disease of guinea pigs left little or no 
ash after incineration. In view of these findings it is not entirely 
inconceivable that the nuclear inclusion represents a chemically 
different t3^e of degenerative reaction than the cytoplasmic in- 
clusion. Indeed, incinerated specimens of submaxiUary glands of 
guinea pigs, possessing in the same ceU both nuclear and cytoplasmic 
inclusions, do show such a difference. In this instance the cyto- 
plasmic inclusions react the same as the Negri body and the fowl-pox 
inclusion — they leave a distinct grayish white ash residue after 
incineration. 

There is in aU probability a similarity in the nature of the shift 
of the mineral ash content of the nucleus and of the cytoplasm in 
nerve ceUs containing Negri bodies and in epithelial ceUs which have 
fowl-pox inclusions. Presumably this is due to the action of virus. 
With the evidence at hand it is impossible to suggest which cell con- 
stituents are responsible for the formation of fowl-pox inclusion 
bodies, although it is entirely probable that they are degenerative 
products of ceU constituents — a result of the action of virus. 

Conclusions 

1. Following incineration at high temperatures the fowl-pox in- 
clusion body leaves a grayish white residue consisting of minute 
particles of mineral ash. The location of this residue corresponds 
topographically to that part of the inclusion body which stains pink 
with erythrosin-azur. 

2. The minute particles of mineral ash correspond in relative size 
and location to the ‘‘Borrel bodies^’ and are the inorganic residue 
of these structures. 

3. There is evidence that the “Borrel bodies” having, as they do, 
a relatively large amount of inorganic material in them might well 
serve as a locus for adsorption of virus. 
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Neubiirger.^® Another case described by Orsos-Debrecen prob- 
ably should be included in this group.* The necessity of preparing 
many sections from the region of the rupture was stressed especially 
by Erdheim, and in the two cases reported by Levinson the changes 
were so insignificant that they would have been missed in the course 
of a casual examination. 

Recently three cases of spontaneous aortic rupture, without de- 
monstrable inflammatory changes or significant intimal sclerosis at 
the site of the tear, have been observed in this laboratory. The 
general histological examination was made from sections stained 
with hematoxylin and eosin. The elastic elements were stained by 
Weigert’s and Saphir’s orcein methods and by a combination of the 
Verhoeff and the Masson trichrome light green stains. Smooth 
muscle was identified with the Van Gieson and the Masson trichrome 
stains. Fat was stained by Sudan III, scharlach R, Nile-blue sul- 
phate and osmic acid. Calcium was demonstrated by the von Kossa 
test. Chromatropic material was stained by thionin, cresyl violet R, 
and polychrome methylene blue. 

Case Reports 

Case i. t Clinical History: A white man, 50 years of age, collapsed while at 
rest and died before reaching the hospital. There had been no significant previ- 
ous illness and his collapse had not been preceded by any unusual physical 
exertion. The clinical impression was “death from cerebral hemorrhage.” The 
blood pressure was not known. No Wassermann had been taken. 

An autopsy was performed and the pathological diagnoses were: 
rupture of the aorta with dissecting aneurysm of the ascending arch 
and perforation into the pericardium; hemopericardium (about 
500 cc.); cardiac hypertrophy; arterial and arteriolar nephrosclero- 
sis, severe; generalized arteriosclerosis; passive hyperemia of spleen 
and liver; pulmonary emphysema, severe. 

Immediately above tire left coronary and non-coronary cusps 
there was a transverse tear, 4 cm. in length, through intima and 
media. In association with this tear there was a dissecting aneurysm 

• Just before receiving tlie printer’s proof of this study, an article by Klotz and 
•Simpson on spontaneous rupture of the aorta was published. They have described five 
cases of spontaneous rupture of aortas, the scat of patdiy or diffuse medial necrosis, not 
accompanied by inflammatory reaction or intimal change at the site of rupture. They 
did not, however, describe fatty change as being a feature of die medial degeneration. 

Klotz, O., and Simpson, W. Spontaneous rupture of thcaorta. 1932, 

184 , 453 . 

t Tire author is indebted to Dr. Harry Goldblatt for permission to publish this case. 



MEDIONECROSIS AORTAE IDIOPATHICA CYSTICA * 

Alan Richards Moritz, M.D. 

{From the Institute of Pathology, Western Reserve University, Cleveland, Ohio) 

The pathological changes leading to spontaneous rupture of the 
aorta in the absence of atheromatous or syphilitic lesions at the site 
of rupture remained vague untU Erdheim’s ^ recent description of 
“Medionecrosis aortae idiopathica cystica.” Rupture of the normal 
aorta incident to severe trauma has been recognized and accepted 
(Jores^) but the occurrence of spontaneous rupture of a normal 
aorta has remained a controversial question. Bostroem ^ was one 
of the first to describe such an occurrence and to consider the non- 
traumatic rupture of the normal aorta possible. Jores in reviewing 
the subject stated: “Spezifische fiir die Aortenruptur charakter- 
istische Veranderungen sind nicht nachweisbar, ins besondere auch 
nicht an der Rupturstelle.” Kaufmann ® cited cases of his own and 
from the literature of spontaneous rupture in apparently normal 
aortas. Benda ® called attention to the relatively insignificant his- 
tological changes seen in cases of spontaneous rupture. Karsner ^ 
doubted that a normal aorta is ever the seat of non-traumatic rup- 
ture. This latter opinion was shared by von Schnurbein, ^ who ac- 
counted for the non-appearance of demonstrable morphological 
change on the basis of the angiomalacia described by Thoma,® and by 
Oppenheim,^® who tested the resistance of normal arteries to intra- 
vascular pressure in vitro and foimd that the pressure required to 
rupture them was higher than could possibly be attained in vivo. 

Spontaneous rupture of the aorta has been reported in animals; 
and Krause ^ in a review of vascular disease in animals stated that 
It IS not an uncommon occurrence in horses, and that although arte- 
riosclerosis has been the cause in some, others have been studied in 
which histological changes were insignificant, or absent. 

Erdheim’s exhaustive study of two cases of spontaneous rupture 
of the aorta was prompted by the case reports of GseU.^® These rup- 
tures occurred in the ascending arch as the result of medial necrosis, 
which was distinguished from arteriosclerosis and from syphilis. 
Additional cases have been reported by CeUina,^®* Levinson and 

* Received for publication May 20, 1932. 
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fibrils. This substance was situated between the muscle cells and 
the elastic fibrils and its presence often caused a swelling of the 
lamellae. Although the distribution was general, it was more abun- 
dant in the middle and inner third of the media. When stained with 
cresyl violet R and differentiated with dilute acetic acid (Schultz 
it stained rose or light red. A similar staining reaction was obtained 
with polychrome methylene blue. The mterfibrillar amount of this 
chromatropic substance varied and with its increase there was a 
corresponding decrease in the interfibrillar cellular elements. Fre- 
quent areas were encountered in which swollen lamellae were identi- 
fied only by the elastic fibrils, the muscle and connective tissue cells 
having completely disappeared. When the cellular elements of 
contiguous lamellae had been replaced by this chromatropic sub- 
stance, damage to the intervening elastic fibrils was frequently 
manifest by defects and projecting spurs. When several lamellae 
had become confluent, cyst formation was observed and a continued 
accretion of chromatropic substance was suggested by the rounding 
of the limiting tissue. Such cysts frequently included portions of 
eight to ten adjacent lamellae and were seen most frequently in the 
middle and inner thirds of the media. They were not prominent in 
the immediate vicinity of the tear, and although the largest cysts 
were found in sections of the ascending portion of the thoracic aorta 
the chromatropic change and the formation of small cysts were 
found in the descending portion and in the abdominal aorta. In the 
abdominal aorta the change was most marked immediately beneath 
atheromas. 

In the ascending thoracic aorta, repair of these defects by fibro- 
blastic proliferation was prominent and various stages of healing 
were seen up to complete filling in of the defect by fibroblasts. This 
repair was accomplished without vascularization and at no stage in 
the process were exudative or phagocytic cells seen. The scars were 
striking in preparations stained for elastic tissue, because of the 
sharp delimitation produced by the free ends of elastic fibrils 
(Fig. i). The newly formed connective tissue did not conform to 
the normal structure and the long axis of the cells was frequently 
oblique or transverse to the long axis of the smooth muscle cells of 
the aorta. Very fine, newly formed elastic fibrils were seen to form 
a network in the scars. Such scars were seen in all layers of the 
media and did not originate in the adventitia. 
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of the entire ascending portion of the thoracic aorta, so that the 
separated intima and media lay as a partially detached tube within 
the adventitia, and separated from it by an extensive hematoma. 
In the beginning of the transverse arch there was another transverse 
tear through intima and media for about i cm., marking the site of 
the re-entry of the blood into the lumen of the aorta. Inferiorly the 
dissecting aneurysm had perforated the pericardium through a 
ragged defect, measuring about 2 cm. in length. The pericardial sac 
was distended by about 500 cc. of blood. 

The heart weighed 450 gm. and presented no abnormality, other 
than the hypertrophy which was principally of the left ventricle. 
The aortic ring measured 7.5 cm. in circumference and the mid- 
portion of the ascending arch 8.2 cm. The ascending thoracic por- 
tion of the aorta was almost completely free from intimal change, 
there being only a few slightly elevated, irregularly outlined yellow 
plaques. Moderately severe intimal sclerosis was seen in the lower 
portion of the thoracic aorta, with increased severity in the abdom- 
inal portion. 

The media in the region of the tear was thin, but it could not be 
determined macroscopically whether the thinning was actual, or 
due to splitting of the media by the dissecting aneurysm. Section 
through the media disclosed a mottling by small, gray areas, which 
were in places confluent so as to obscure the entire thickness of the 
usual yellow zone. No cysts could be identified on macroscopic 
examination. 

Bistological Examination: In multiple sections, both transverse 
and longitudinal, through the aorta at the site of the rupture, the 
intimal change was minimal. The internal elastic lamella was intact 
and irregularly thickened. The intima was smooth and exhibited 
no degenerative changes, other than the presence of homogeneous, 
faintly staining, basophilic intercellular substance. The subendo- 
thelial connective tissue was increased in amount, but not uni- 
formly , so that the free surface was slightly undulating. There was 
some calcification along the internal elastic lamella and finely dis- 
persed fat droplets in the homogeneous intercellular matrix. 

The media was not uniformly thin, and had been split by the 
dissecting aneurysm which had separated the outside four or five 
lamellae. Generally throughout the media there was a faintly stain- 
iiig) homogeneous, basophilic substance between and around elastic 



722 


MOEITZ 


and arteriolar nephrosclerosis; infarcts of kidneys; chronic passive 
hyperemia of lungs, liver, spleen and kidneys; pulmonary emphy- 
sema. 

There was a transverse tear 2.5 cm. long through media and 
intima about i cm. above the non-coronary aortic cusp. The edges 
of the tear were sharp and undermined by a dissecting aneurysm 
which extended about 5 cm. above the tear, and below into the 
pericardial sac through a slit-like laceration i cm. in length. The 
margin of the tear did not show any evidence of healing and the 
blood between media and adventitia and within the pericardium 
showed no organization. 

The heart weighed 925 gm. and the hypertrophy was preponder- 
ately of the left ventricle. The aortic ring measured 9.5 cm. in cir- 
cumference and the ascending portion of the thoracic aorta 12 cm. 
The intima of the ascending thoracic aorta was thin and smooth, 
except for a few small yellow plaques, the largest being at the com- 
missure between the right and non-coronary aortic cusps, and 
measuring about 1 cm. in circumference and 2 mm. in thickness. 
From the arch down, intimal sclerosis became increasingly more 
severe with atheromatous ulceration of the lower abdominal aorta. 
Section of the media near the point of rupture did not disclose any 
characteristic alterations in structure. 

Histological Examination: The intima in the region of the tear 
was irregularly thickened by fibrous connective tissue, but without 
formation of atheroma. The subendothefial connective tissue was 
edematous and relatively anuclear. Below the transverse arch 
intimal sclerosis became more severe, vith hyalinization, fat infil- 
tration, formation of atheromatous plaques and ulceration, which 
extended well into the inner third of the media. 

The media in the region of the rupture was thin and profoimdly 
altered in structure. Chromatropic degeneration was focal and 
severe but cyst formation was not prominent. In the areas of such 
degeneration, the media appeared attenuated, as though it had 
stretched in a transverse direction, with elongation of the surviving 
muscle cells and breaking of the elastic fibrils. In evidence of this, 
there were entire low power fields in which only short, isolated frag- 
ments, or no elastic fibrils were seen. Such defects in the elastic 
tissue were occupied by parallel-disposed smooth muscle cells, which 
conformed in direction to the structural pattern of the media 
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What was interpreted to be a secondary cystic degeneration of 
partly or completely healed lesions was seen in the form of reaccumu- 
lation of serous, rather than chromatropic, substance between fibro- 
blasts, with a disappearance of cells and the reformation of fluid- 
filled defects (Fig. i). 

There was little, if any, compensatory adventitial thickening for 
the areas of medial damage. At the site of the tear there was a 
diffuse extravasation of erythrocytes throughout the adventitia. 
The vasa showed changes corresponding to those seen generally in 
arterioles, that is, simple intimal proliferation, without perivascular 
infiltration. The most severe arteriolar damage was present in the 
kidneys, where obliteration was frequent. In the adventitia, how- 
ever, no obliteration was observed and vasa were not uniformly 
affected, many being unchanged. 

No disseminated necrosis of the type described by CeUina was 
seen either in the aorta or its branches. 

Fat was stained in the intima and in the media by scharlach R 
and Sudan III. In the media it was deposited in the form of small 
droplets in the chromatropic substance along the elastic fibrils. It 
was not increased with further destruction of lamellar cellular ele- 
ments and was not present in the (ysts. No anisotropic lipoids were 
seen with the polariziug microscope. 

Case 2.* Clinical History: A white man, 56 years of age, was admitted to the 
Cleveland City Hospital with dyspnea, precordial pain and profuse blood- 
tinged expectoration. The present illness had begun several days previously 
with a chill and expectoration of blood-tinged sputum, following which his 
ankles had become swollen. He was known to have had hypertensive heart 
disease upon a previous admission, at which time his blood pressure was 
210/120. 

Physical examination disclosed an acutely iU patient with a large active 
heart, dyspnea, cyanosis and auricular fibrillation. The cardiac embarrassment 
continued without change until the seventeenth hospital day, when he was 
seized with a sudden sharp pain in the precordium and left shoulder. He died 
six hours later with a clinical diagnosis of “probable coronary occlusion.” 

An autopsy was performed and the pathological diagnoses were: 
rupture of the aorta with dissecting aneurysm of ascending arch and 
perforation into pericardium; hemopericardium (1250 cc.); cardiac 
hypertrophy and dilatation; generalized arteriosclerosis; arterial 

* The author is indebted to Dr. David Seecof and Dr. R. W. Scott of the Cleveland 
City Hospital for permission to publish this case. 
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The adventitial change was nowhere significant. Vasa vasorum 
were the seat of some intimal sclerosis, corresponding to the general- 
ized arteriolar disease. In the region of the rupture, and around the 
hematoma, there was some organization with leukocytic infiltration. 

Case 3. Clinical History: A white man, 44 years of age, collapsed while at 
work and died five days later. During that period he complained of continu- 
ous, intense, precordial pain and his progress was characterized by increasing 
circulatory failure. The blood pressure and the blood Wassermann reaction 
were not known. His past history was not significant, other than that he had 
had rheumatism and influenza thirteen years before. The clinical diagnosis was 
“probable coronary thrombosis.” 

An autopsy was performed and the patholo^cal diagnoses were: 
rupture of the ascending portion of the thoracic aorta with dissect- 
ing aneurysm into pericardium; hemopericardium (about 500 cc.) ; 
generalized arteriosclerosis, mild; hypertrophy and hyperplasia of 
th3T:oid gland. 

There was an annular tear through intima and media of the aorta, 
which included about four-fifths of the circumference of the vessel 
and was situated about 3.5 cm. above the aortic ring. The maximum 
separation of the tom edges was 2 cm. Communicating with the 
tear was a dissecting aneiuysm which extended up to the level of 
the innominate artery and down into the pericardium by means of 
multiple small lacerations. There was evident organization of the 
intramural hematoma. Just above the large tear, which had dean, 
free mar^ns, there was a small parallel tear, the edges of which were 
approximated by what appeared to be a thin, fibrous cicatrix. The 
media just above the midportion of the large tear was very thin, and 
here as well as in other areas near the tear the continuity of media 
was interrupted by small cystic spaces and gray patches. 

Hislological Examinalion: In several longitudinal sections taken 
through the tear, the external portion of the media above and below 
it was anuclear and stained lightly with eosin. The junction be- 
tween this anuclear zone and the adjacent non-necrotic media was 
sharp and devoid of any reactive changes. The affected tissue had 
the appearance of coagulation necrosis without exudation. It occu- 
pied about half the thickness of the media at the site of the tear and 
e.xtended about 5 ram, above and below it. The elastic fibers 
remained imaffected and in sections treated with orcein, without a 
nuclear counterstain, the lesion could not be recognized. The inter- 
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(Fig. 2). These cells were separated by chromatropic substance and 
in consequence the tissue was loose. In other places, exhibiting a 
similar type of medial defect, the muscle cells were compactly dis- 
posed and free from degenerative changes, with occasional nuclei 
undergoing direct division. The nuclei in such areas were generally 
larger and more chromatic than in other portions of the media 
(Fig. 2). 

In lesions of this sort the only demonstrable elastic fibrils were 
either the projecting spurs at the edges or isolated, short, thick 
fragments of the disrupted fibrils. No new network of elastica was 
apparent. The defects were principally in the outer third of the 
media, but in several places they extended completely through the 
media and included the internal elastic lamella. Their outline gen- 
erally tended to be wedge-shaped, with the broad base of the defect 
toward the adventitia; but not infrequently the defect had parallel 
edges and extended radially, or obliquely from the inner to the 
outer portion of the media. They were not vascularized and were 
not associated with exudative cells. 

Smaller defects in the media were cystic and apparently due to 
the confluence of lamellae, the seat of chromatropic degeneration, 
and in these fibroblastic proliferation was seen to effect repair. 
These fibroblastic scars differed from the larger defects fiUed by 
smooth muscle in that the arrangement of the connective tissue was 
irregular and without pattern, and in such areas degeneration was 
usually progressive so that cysts had developed. The contents of 
the cysts were serous, rather than chromatropic. 

The same changes were seen, but with less severity in other por- 
tions of the aorta. In the abdominal aorta they were complicated 
by more severe intimal change, with corresponding medial damage 
related to it. 

The deposition of fat was inconspicuous in the ascending thoracic 
aorta, and was in the form of fine droplets in the mtima and near 
the elastic fibrils throughout the media. It was not increased in the 
cysts. In the abdominal aorta, large deposits of fat were observed in 
the intima and adjacent portions of the media. The fat stained blue 
with Nile-blue sulphate and red with scharlach R and Sudan III. 
It did not become impregnated with osmic acid. Finely granular 
deposits of calcium were demonstrated in the media, particularly in 
the chromatropic substance, by the von Kossa test. 
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Calcium was present in the form of finely granular deposits near 
the internal elastic lamella and occasionally in the chromatropic 
substance of the media. The presence of fat was prominent in the 
middle third of the media near the tear (Fig. 3). It was stained red 
by scharlach R and Sudan III and blue by Nile-blue sulphate, but 
was not impregnated by osmic acid. The fat was not anisotropic. 
It was distributed in the form of fine droplets in the chromatropic 
substance and occasional collections were seen in the poles of the 
nuclei of muscle cells. In other locations the fat was almost entirely 
confined to the intima, and here its distribution was scanty and ir- 
regular. 

The edges of the rupture were covered with fibrin and exhibited 
organization, especially where the tear extended into the adventitia. 
The vasa, except immediately beneath the tear, showed no signifi- 
cant pathological change. 

Discussion 

In the three cases of spontaneous rupture of the aorta just de- 
scribed there were gross and microscopic medial changes which were 
most severe in the vicinity of the rupture and of such severity as to 
be considered responsible for the spontaneous tearing of the weak- 
ened wall. These changes were not associated with demonstrable 
inflammation or with significant intimal sclerosis, and in most re- 
spects were like those described by Gsell, Erdheim, Cellina, Levin- 
son, and Neubiirger in similar cases. 

In all three cases there was an increase in homogeneous, pale stain- 
ing, basophilic, acellular material in the media between the muscle 
cells and elastic fibrils. In longitudinal section this material ap- 
peared to encase the elastic fibrils. This substance was found gen- 
erally throughout the aorta, but was more prominent in the ascend- 
ing arch. It stained red with thionin and light red or rose with 
cresyl violet R and with polychrome methylene blue. It showed a 
distinct affinity for fat and in one case for calcium. Prolonged 
formalin fixation rendered the presence of only a small amount of 
calcium in the other two cases non-significant. The significance and 
origin of the chromatropic material has been studied exhaustively 
by Schultz.*® Because of its property of staining like mucin, a group 
of investigators, including Hueck,*® termed the process “Schleimige 
Degeneration,” while Schultz preferred to designate the material as 
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fibrillar substance stained yellow with the Van Gieson technique 
and pale green with the Masson trichrome light green stain. This 
was the only site of this type of necrosis seen in the aorta. It was 
thought that this necrosis was directly related to the presence of a 
large intramural hematoma, which lay between adventitia and 
media, at this point. The hematoma showed extensive peripheral 
organization, and several vasa in this vicinity were occluded by 
recent thrombosis. Although the t5qDe of necrosis was similar in 
appearance to the disseminated medial necrosis described by Cellina, 
the apparent cause for the necrosis was ischemia, due to secondary 
thrombosis of the vasa incorporated in the large hematoma. 

In a number of blocks taken transversely and longitudinally in 
the vicinity of the rupture, another type of lesion was seen which 
varied greatly in severity. In one transverse section just above the 
midportion of the tear only isolated rests of the original media could 
be identified. These were separated by avascular scars of more or 
less compactly arranged fibroblasts which frequently involved al- 
most the entire thickness of the media. The scarring was most 
severe in the mid and outer third, and was not associated with 
exudation. The scars were not flame-shaped, as seen in syphilitic 
aortitis, the internal elastic lamella was intact and the overlying 
intima thin and unchanged. 

Chromatropic substance was seen in varying amounts in the 
media of the aorta and of the pulmonary artery, but was most prom- 
ment in the ascending thoracic portion near the rupture. Generally 
its distribution was in the intima, and between muscle cells and 
elastic fibers of the media. In longitudinal section it appeared to 
encase the elastic fibrils. Near the rupture it had frequently re- 
placed the muscle cells of one or several adjacent lamellae with fre- 
quent destruction of the intervening elastic fibrils to produce cystic 
defects. In the larger defects, one of which measured about 2 mm. 
in length by i mm. in thickness and whose transverse extent was 
not determined, the contents no longer stained specifically for 
chromatropic substance, but were serous. One such defect was very 
close to the tear and was filled with extravasated erythrocytes. 
Spurs and fragments of the original elastic fibrils projected into the 
defects and in those showing fibroblastic repair a newly formed fine 
mesh of elastic fibrils was seen. The largest cysts were seen in the 
middle and outer third of the media, although smaller ones were 
present in the inner third (Fig. 4)- 
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but was not impregnated by osmic acid. The fat was not entirely 
extracellular but was seen within the muscle cells, especially at the 
poles of the nuclei. Finely granular deposits of calcium could be 
demonstrated in the chromatropic substance by the von Kossa re- 
action, but as in the case of fat, it too disappeared in the cysts 
whose contents were serous. 

These observations indicated that with age, the aortic media ac- 
quires gradually increasing amovmts of perielastic chromatropic 
substance, as described in detail by Schultz, and that the medial 
change is not necessarily paralleled by equally severe intimal 
change. Furthermore, this degeneration may result in the forma- 
tion of circumscribed medial defects, which in the case of spon- 
taneous aortic rupture may attain macroscopic dimensions and ap- 
parently produce significant weakening of the aortic wall. 

Damage of this sort to the media, without cyst formation, was 
seen especially in Case 2, Here, in focal areas of lamellar degenera- 
tion, the elastic fibers had tom and separated, leaving large portions 
of the media, sometimes involving its entire thickness, devoid of 
elastic tissue. In these areas degeneration was in places reversible, 
because smooth muscle hyperplasia occurred in attempted compen- 
sation for the weakening, and advanced lesions occupied by thickly 
disposed smooth muscle cells were often devoid of degenerative 
changes (Fig. 2). 

The changes so far described have been qualitatively similar in 
cases of simple aortic sclerosis to those seen in spontaneous rupture. 
One phase of the process was, so far as our observations are con- 
cerned, peculiar to spontaneous rupture, and that was the healing 
of the foci of medial necrosis. The healing lesions have been de- 
scribed in great detail by Erdheim, whose observations were in 
accord with ours, except that we did not see regeneration of smooth 
muscle in the repair of cysts. Hyperplasia of smooth muscle cells 
was seen at the site of elastic tears (Fig. 2), but in our cases of spon- 
taneous rupture it appeared that the cysts were repaired principally 
by fibroblastic proliferation (Fig. i). This repair was accomplished 
without vascularization and without the presence of exudative cells. 
TJie scars marking the site of cyst formation differed from the de- 
fects created by clastic tearing in that in the former the pattern 
of the proliferated fibroblasts was irregular, while in the latter the 
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a cTiromatropic substance without definite commitment as to its 
mode of origin. It is quite weU agreed that this chromatropic matrix 
becomes more prominent in the intima and media of blood vessels 
with advancing age, and that it exhibits a definite affinity for fat 
and calcium. Whether it be physiological or pathological, it was 
regarded by Schultz as “the precursor of further degenerative 
processes.” 

Transverse and longitudinal sections of the aortas of seventy 
adults were studied as to the distribution of the chromatropic sub- 
stance in individuals not dying of aortic rupture. The relative distri- 
bution in intima and media varied. In some it was inconspicuous in 
the media and prominent in the intima, and vice versa. In six of the 
seventy cases there were focal areas within the media where the 
entire interfibriUar substance of several contiguous lamellae was 
aceUular and chromatropic, with disruption of the interposed elastic 
fibrils. Whether the discontinuity of the elastic tissue was artefact, 
as proposed byMacCaIlum,^°or actual and indicative of angiomalacia 
as suggested by the work of Thoma,® it remains that medial defects 
were seen. In three of the six this medial damage was immediately 
beneath areas of atheromatous intimal change, and in the other 
three the medial lesions were not associated with more than mild 
overlying intimal sclerosis (Fig. 5). 

Precisely the same sort of change that was seen in slightly less 
than 10 per cent of adult aortas, in which only two blocks from each 
aorta were studied, was present in the three cases of spontaneous 
rupture, but with greater severity. The medial damage varied from 
simple accumulation of chromatropic substance around the elastic 
fibrils to the formation of large, macroscopic cysts (Fig. 4) . In the 
earlier stages the elastic fibrils remained intact while, as the lesion 
became larger, there was complete destruction of elastic fibrils, 
leaving short projecting spurs and isolated fragments. These de- 
fects were independent of atheroma, and although they were present 
in all portions of the media the largest cysts were seen in the middle 
and outer thirds. As the cystic character became manifest, the 
chromatropic substance lost its specific staining qualities and be- 
came serous. Whereas fat in the form of small droplets was found 
in the interstices between muscle cells and elastic fibers in the earlier 
stages of degeneration (Fig. 5), it was notably absent from the cysts. 
The fat stained with Sudan III, scharlach R and Nile-blue sulphate, 
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curred within a few hours. The longest survival was five days. In 
aU cases the direct cause of death was cardiac tamponade, due to 
hemopericardimn. 

In all cases so far reported there has been cardiac hypertrophy, 
and in three of these, valvular heart disease. In five cases there was 
chronic renal disease in three of which there was a known clinical 
hypertension. 

Sclerosis of large and medium-sized arteries was a common finding, 
but not out of proportion to the age of the individual. Diffuse vas- 
cular disease with arteriolar changes was seen in at least three cases 
and possibly more in which the descriptions were not explicit in this 
regard. 

In the cases presented in this report, medial necrosis was most 
severe in the region of the rupture, but was not limited to that site. 
Tearing of elastic fibers and cystic degeneration was seen in the 
abdominal aorta of two of them. 

The site of rupture in all of the cases so far reported was in the 
ascending arch just above the semilunar valves, and the direction 
of the tear was characteristically transverse. This is in accord with 
the observations on cases of spontaneous aortic rupture from any 
cause; and von Schnurbein ® in a review of ninety-one cases found 
that in fifty-six of these the rupture was at this site, and that of the 
ninety-one cases the tear was transverse eighty-two times. The 
reason for this particular location of spontaneous rupture, as given 
by Oppenheim,*® is that the ascending thoracic aorta has the greatest 
circumference and that since bursting tension is in direct proportion 
to the radius of the vessel, the smaller vessels can withstand higher 
pressure. 

In this connection an investigation of the resistance of normal 
arteries of rabbits to intravascular pressure was made. Six young 
adult rabbits were used and each was given 20 mg. of heparin per 
kilogram body weight before the experiment to prevent clotting of 
blood. The aorta was cut just above the valve under ether anesthe- 
sia. The proximal end was ligated and into the distal end a cannula 
was tied and connected \vith a pressure bottle containing an india 
ink-saline injection mixture. The pressure within the injection 
system was controlled by means of a mercury manometer, which 
was connected directly with the cannula. The injection of fluid 
under high pressure v/as made into the living animal as rapidly as 
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long axis of the smooth muscle cells conformed to the direction of 
the lamellae. As pointed out by Erdheim, the degenerative changes 
and cyst formation constitute a vicious cycle, which he likened to 
atrophic cirrhosis of the liver. The newly formed media after and 
during repair underwent degeneration with reformation of cystic 
spaces. The accumulation of chromatropic material was not a 
feature of the degeneration in new media, nor was fat infiltration or 
calcium deposition. 

As has been stressed by Gsell, Erdheim, Cellina, Levinson and 
Neubiirger, this type of medial necrosis can in all stages be differen- 
tiated from syphilitic mesaortitis. Significant vascular changes in 
the adventitia fail and there is no exudative reaction. In all of the 
cases so far described the medial changes were not part of an athero- 
sclerotic process, the intima in the involved region being relatively 
free from change (Fig. 4). 

The disseminated, non-cystic form of medial necrosis described 
by CeUina was not seen in these cases, although a secondary necrosis 
near the rupture in Case 3 stimulated this type of necrosis. Here, 
however, the necrosis was apparently due to secondary occlusion 
of the vasa vasorum by thrombosis, incident to the dissecting 
aneurysm. Cellina found this type of necrosis in nine of ten aortas 
of aged individuals examined. In these nine aortas he found 103 
foci of acellular necrosis in which the elastic fibers were preserved. 
This same type of necrosis was observed by Erdheim and by Levin- 
son in cases of idiopathic medial necrosis, and its significance is still 
questionable. 

The greatest age incidence of idiopathic cystic necrosis of the aorta 
in aU cases so far reported is in the sixth decade, and they ranged 
from 25 to 83 years of age. Of the twelve acceptable cases in the 
literature, including the three described in this pubhcation, seven 
were in men and five in women. In six instances the individuals 
were known to be at rest when the fatal rupture occurred, and only 
two were engaged in physical exertion at the time of the fatal seizure. 
The exact circumstances of the rupture in the other cases was either 
not known or beheved not to be related to any imusual exertion. 
The initial seizure was known to be accompanied by pain in three 
instances, substemal in two and upper abdominal in one. The sur- 
vival following the seizure varied, but in most instances death oc- 
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mucli greater since these were found in the course of a study of 
routine sections. It is true that the cysts were small, rarely involv- 
ing more than three or four contiguous lamellae, and healing of such 
defects was not seen, but the differences between these defects and 
the lesions found in cases of spontaneous rupture were quantitative 
rather than qualitative. Without subscribing to Thoma’s opinion 
as to the relation of medial weakening to atherosclerosis, it seems 
possible that the medial necrosis described in sclerotic aortas with- 
out rupture, as well as in the vicinity of spontaneous tears, is in 
accord with Thoma’s idea of angiomalacia. This does not detract 
from the suitability of Erdheim’s term “Medionecrosis aortae 
idiopathica cystica,” but does throw a different light upon its sig- 
nificance. 

Summary and Conclusions 

Three cases of spontaneous rupture of aorta with cystic necrosis 
of the media have been described. The necrosis developed focally 
in areas the seat of chromatropic or mucinous degeneration, and 
was not associated with significant intimal change or inflammatory 
reaction. These have been compared with the previously reported 
cases of this disease and certain additional observations made. 
Tearing of the elastic elements occurred with and without cystic 
change and neither the cystic change nor the elastic tears were 
limited to the ascending arch of the aorta. The lesions were qualita- 
tively similar to those commonly seen in sclerotic aortas, and 
differed in that the necrotic foci were larger and exhibited a greater 
tendency to repair. In the cases reported to date evidence of hyper- 
tension has been common but not constant, and in a considerable 
niunber the rupture has occurred while the individuals were at rest. 
Additional case studies will be profitable in establishing the similar- 
ity or dissimilarity of this disease to the changes commonly seen in 
arteriosclerosis without advanced intimal lesions. 
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possible, so that within two or three minutes after cutting the aorta 
intra-aortic pressures of 800 nun. of mercury or more were obtained. 
It was recognized that such pressures were not maintained at any 
considerable distance from the cannula, because of their rapid dissi- 
pation by flow of fluid into the veins. Loss of blood from the oper- 
ative woimd was prevented by overlapping Kelley clamps. 

In all six rabbits, a sudden faU in pressure was noted after a pres- 
sure ranging between 800 and 1200 mm. of mercury had been ob- 
tained. This faU in pressure was foUowed by abdominal distention 
and rapid exhaustion of the injection mixture. The abdomen was 
opened, and by immersing the rabbit in running water the point of 
vascular rupture could be identified. In aU six rabbits the rupture 
was either in the portal vein or in one of its primary tributaries. It 
was not possible in these experiments to rupture the arteries be- 
cause of the rapid transfer of sufficiently high pressures to the veins 
to rupture them. 

Macroscopic changes deemed characteristic were described by 
Erdheim and consisted of transverse, paraUel-disposed, gray scars, 
marking the site of medial damage, beneath a thin, non-altered 
intima. Cyst formation within the media also reached macroscopic 
proportions. 

The pathogenesis of the lesions resulting in the rupture appears 
to be quite definite so far as morphology is concerned. The etiology 
remains obscure, and we agree with Erdheim that it wiU be neces- 
sary to study many such cases to appreciate the conditions imder 
which this peculiar type of necrosis develops. Erdheim has com- 
pared and distinguished these lesions from the medial changes seen 
in postinfectious cases by Wiesel,^! fj-om the postinfluenzal vascular 
damage described by Stoerk and Epstein, 22 and rheumatic arteritis 
by Pappenheimer and VonGlahn.^^ He has raised the question of 
avitaminosis or adrenalin poisoning as possible etiological agents. 

This study suggests the probability that the disease is involutional 
or senescent in character. The damage results from the excess ac- 
cumulation of chromatropic substance or mucin-like materid, de- 
scribed by Schultz as representing an aging phenomenon in the 
arteries of animals and of men. SmaU cystic defects of the media 
were present in slightly less than 10 per cent of the sclerotic aortas 
of adults examined and were not necessarily identified with over- 
lying atheromatous change (Fig. 5)- The actual percentage may be 
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DESCRIPTION OF PLATES 
Plate 115 

Fig. I. (a) Hematoxylin and eosin and (b) orcein stains of same area in outer- 
third of media in two successive sections of same block from aorta of 
Case I. An area of medial degeneration appears almost entirely healed in 
(a), but the extent of the elastic damage filled in by fibroblasts which do 
not conform to the lamellar structure of the media is seen in (i). Secondary 
degeneration has taken place in the repair tissue, x 124. 

Fig. 2. Midportion of media of aorta from Case 2 near rupture. Chromatropic 
degeneration with cyst formation is seen in upper portion of photograph, 
while in lower portion the defect in the elastica is bridged by hyperplastic 
smooth muscle cells, the long axis of which is parallel to the elastic fibrils. 
The block was taken near the tear and extravasated erythrocytes are seen 
in the small cyst. Stained by orcein, according to Saphir. x 124. 

Fig. 3. Midportion of media of aorta from Case 3. Stained by Sudan III to 
show fat droplets in the chromatropic substance between elastic fibrils and 
musde cells near rupture. Wratten (C) filter, x 320. 
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Plate ii6 


Fig. 4. The entire thickness of intima and media of aorta from Case 3, taken 
near rupture and including large cyst in midportion of media. Disruption 
of elastic fibrils is seen in the outer third with proliferation of fibrous con- 
nective tissue to repair defect. The intima is free from sclerosis, the internal 
elastic lamella is intact and there are no e-xudative cells. Stained by com- 
bination of the Verhoeff elastic and the Masson trichrome light green 
methods, x 75. 

Fig. 5. (a) Hematoxylin and eosin and (b) orcein stains of same section of 
aorta of a 34 year old man who died of pneumonia. No syphilis and 
minimal intimal sclerosis. Focal increase of chromatropic substance with 
confluence of lamellae due to disruption of elastic fibrils. Probable pre- 
cursor of more severe changes seen in “Medionecrosis aorlac idiopathica 
cystica." x 134. 
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has not been restricted arbitrarily to conditions so completely prim- 
itive, but has been applied to the suspension of the small intestine 
from a midline pedicle affording great mobility to the small intestine 
and proximal portion of the colon (Anders ®). 

Anders, in a comprehensive review of congenital malformations 
of the intestine and mesentery, states that a “mesenterium com- 
mune” exists in all cases in which there has been complete or ad- 
vanced retardation of intestinal rotation. The correctness of his 
conclusion seems apparent, since proper fixation would depend upon 
proper position, but it does not follow that proper rotation would 
always predicate normal secondary attachments. It seems likely 
that regardless of the manner in which the intestine rotates in its 
return to the abdominal cavity the hypermobility permitted by a 
“mesenterium commime” may lead to a wide variation in the po- 
sition observed in postfetal life. Dott,^ and Raymond and Drag- 
stedt® have reviewed the various types of abnormal position and 
have considered them varying degrees of reversed rotation, rather 
than of incomplete rotation, 

A consideration of the association of “mesenterium commune” 
with incomplete rotation in a normal direction, as well as with re- 
versed rotation, is of more than academic interest. Many of the 
cases presented by Dott and by Raymond and Dragstedt are 
characterized by intestinal obstruction due to volvulus. If the 
“mesenterium commime” existing in such a case were due to a 
primary reversed rotation which occurred in tdero, the obstructing 
volvulus would have to be corrected in such a manner as to bring 
the intestine back to its original position of reversed rotation, be- 
cause a position acquired by the intestine in the tenth week of fetal 
life would have become, in all probability, normal for that indi- 
vidual. 

Recently four cases of “mesenterium commune” have come imder 
our observation, two of which have simulated reversed rotation 
because of volvulus. 


Case Reports 
Case i. Mesenterium Commune 

Clinical IJislory: A white, female, cretin child, 7 months of age, was admitted 
to the Babies’ and Children’s Hospital and died following a respiratory infection 
without any significant gastro-intestinal complaints. 



MESENTERITOI COMMUNE WITH INTESTINAL 
OBSTRUCTION * 


Alan Richards Moritz, M.D. 

{From the Institute of Pathology, Western Reserve University, Cleveland, Ohio) 


Anomalous secondary mesenteric attachments of both small and 
large intestine are common and present a wide variation in degree 
and location. An understanding of their pathogenesis rests upon a 
knowledge of fetal intestinal rotation. The description and defini- 
tion of the successive stages of intestinal rotation and mesenteric 
attachment by Frazer and Robbins^ is generally accepted and 
anomalies are classified according to that stage of development in 
which a departure from the normal occurred. A critical period m 
the development of the intestine is in or about the tenth week of 
fetal life when the gut returns to the abdominal cavity from the 
umbilical cord. Normally this return is accomplished in such a 
manner that the proximal portion of the colon lies in a plane ventral 
to the small intestine, crossing in front of the terminal portion of the 
duodenum from right to left. Subsequent rotation is counter clock- 
wise and is followed by the secondary mesenteric attachments char- 
acteristic of the normal adult type. 

The commoner anomalies of secondary mesenteric fixation are 
concerned chiefly with incomplete fixation of the ileocolic segment 
and have been adequately reviewed by Waugh.^ One of the more 
extreme types of variation has been termed “mesenterium com- 
mune, ” which implies an absence of the secondary attachments to 
such a degree that the original prefixational type of suspension per- 
sists, that is, a common mid-dorsally attached mesentery for small 
and large intestine. The term “mesenterium commune,” however, 

* Received for publication May 3, 1932. ^ , 

Dr. W. E. Ladd has described three cases of mesentenum commune vnth volvulus 
and intestinal obstruction in a published study (Ladd, W. E. Congenital obstruction of 
the duodenum in children. New England J. Med., 1932, 206, 277)1 been so kind 

as to permit the inclusion in this report of a fourth case which has not l^en published 
(personal communication). These were cases of clockwise volvulus of the entire jeju- 
num, ileum and proximal half of the colon in children who were operated upon at 2 
weeks, 4^ weeks, 9 months and i year of age respectively, for obstruction of ^e third 
portion of the duodenum. All four children survived the operation jwth subsequent 
relief from obstruction. Because so much of the intestine was mcluded m the volvulus 
Ladd has stressed the necessity of ^^delivering’’ the whole small bowel and untwisting it. 
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bination of traction above and massage below. The intestine appeared viable 
and in surprisingly good condition, save for edema of the cecum and ascending 
colon. Silk sutures were employed to fix several inches of the ileum to the wall 
of the cecum to prevent a recurrence of the intussusception. After reduction of 
the obstruction the large intestine occupied the left side of the abdomen and the 
small intestine the right. The large intestine was suspended on a long mesentery 
and was unusually mobile. 

The child died twenty hours after operation with a clinical diagnosis of acute 
peritonitis. 

Postmortem Examination: Twenty centimeters of the lower ilenm 
were hemorrhagic, dilated and edematous. The mucosa was ne- 
crotic and the liunen contained sanguineous fluid. There were 
several silk sutures attaching the ileum to the wall of the cecum. 
There were 50 cc. of serosanguineous fluid in the abdominal cavity. 

As in the preceding case the secondary mesenteric attachments 
were defective. The base of the mesentery on the posterior ab- 
dominal wall followed the general outline of an interrogation 
point (?), the upper limb starting just below the superior mesen- 
teric artery in the mid line from which the line of attachment 
ascended slightly, then extended to the left side of the abdomen and 
down to the pelvis in the midline. The mesentery was long, per- 
mitting great mobility of both small and large intestine and they 
could easily be manipulated by rotating the small intestine clock- 
wise on its mesenteric pedicle until the superior mesenteric artery 
was brought to a position behind the duodenojejunal junction and 
the colon into a plane posterior to the small intestine. The possi- 
bility of this rotation was significant in the understanding of the 
succeeding two cases. 

There were no other significant pathological changes. 

Case 3. Llesenterium Commune with Volvulus 

Clinical Eislory: A white, male infant, 3 weeks of age, was admitted to the 
Babies’ and Children’s Hospital with a history of persistent vomiting. The 
family history was not significant. There had been no bow'el movements from 
birth although a small amount of green material was passed after enema. The 
child had taken water and feedings eagerly but had vomited after each feeding. 
Roentgenological e.xamination after barium by mouth indicated obstruction to 
the third portion of the duodenum which was not relieved by atropin. The 
duodenum proximal to the obstruction was dilated and the barium gradually 
passed the point of obstruction. 

The patient was transferred to Lakeside Hospital and operated upon by 
Dr. J. W. Holloway. The stomach and duodenum were greatly distended and 
there was a palpable cord-like obstruction in the third portion of the duodenum. 
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Postmortem Examination: In addition to hypoplasia of the thy- 
roid gland and an acute bronchitis there were defective secondary 
mesenteric attachments. 

On opening the abdomen the cecum was found to be in the epi- 
gastrium in the midline, with the colon occupying the left and the 
small intestine the right side. The greater omentum was unde- 
veloped. The entire jejunum and ileum were suspended from a 
common mesenteric axis in the midline. The cecum and proximal 
portion of the colon were suspended by a redundant mesentery 
which extended upward from the pedicle of attachment of the small 
intestine and then to the left with descent on the left posterior sur- 
face of the abdominal wall toward the pelvis. The configuration of 
the posterior mesenteric attachment was that of an interrogation 
point (?), (Text-Fig. i). The superior mesenteric artery crossed 
over the third portion of the duodenum in the usual fashion. Be- 
cause of the hypermobility permitted by the defective attachments 
it was possible to rotate the small intestine, cecum and proximal 
portion of the colon through an arc of 360® in a clockwise direction 
and bring the colon behind the duodenojejunal junction, and by 
reason of the torsion of the proximal portion of the jejunum the 
superior mesenteric artery assumed a position between the small 
and large intestine. Figures i, 2 and 3 show the successive stages of 
this manipulation and Figures 4, 5 and 6 are diagrams indicating 
the relative changes in the relation of small and large intestine and 
superior mesenteric artery (see legends). 

Case 2. Mesenterium Cokuune with iNiussuscEPnoN 

Clinical History: A white, male child, 9 months of age, was admitted to the 
Babies’ and Children’s Hospital because of abdominal pain, vomiting and 
bloody stools of three days duration. The onset of the illness was characterized 
by vomiting, followed by intermittent paroxysms of pain. The past and family 
history were negative. 

The child was in constant distress with frequent acute attacks of pain. The 
abdomen was tense, rounded and rigid. There was a large fusiform mass pal- 
pable in the left side and extending into the rectum. Peristalsis was active. 
Laboratory examination was not significant, other than a count of 16,400 white 
blood cells. 

The patient was transferred to Lakeside Hospital for operation by Dr. J. W. 
Holloway. At operation the cecum was found to be situated to the left of the 
midline, high in the abdomen, and there was an intussusception of a large part 
of the small intestine into the colon, the tip of the intussuscepted bowel being 
palpable in the rectum. The intussusception was completely reduced by a com- 
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former places, although the condition was still that of a left-sided 
colon. The duodenum was now behind the superior mesenteric 
artery. 

Case 4. Mesenterium Commune with Volvulus 

Clinical History: The patient was a w'hite, male infant, 7 weeks of age, who 
entered the Babies’ and Children’s Hospital because of persistent vomiting. 
Despite the vomiting after each feeding there had been a gain of il pounds since 
birth and occasional well formed stools had been passed. Roentgenological 
studies showed the stomach and duodenum to be dilated, with partial obstruc- 
tion at the duodenojejunal junction. Although most of the barium was vomited, 
some passed through the large intestine in eighteen hours. 

The patient was transferred to Lakeside Hospital and operated upon by 
Dr. F. S. Gibson. The terminal portion of the duodemun was obstructed by a 
volvulus of the entire jejunum, ileum and part of the colon. The colon was 
posterior to the duodenum and so firmly fixed by adhesion that anatomical 
restitution was not considered possible. 

The child died four hours after operation. 

Postmortem Examination: The intestinal malposition was essen- 
tially that described in the operative note. The mesenteric attach- 
ments of the colon were entirely to the left of the midline. The distal 
portion of the duodenum was mobile, and it, as well as the remainder 
of the small intestine, was attached by means of a narrow pedicle 
in the midline which took origin below the region of the superior 
mesenteric artery and extended inferiorly and to the right of it for 
a short distance. There had been a twist of 360° in a clockwise 
direction of the entire jejunmn and ileum and proximal colon, so as 
to bring the colon behind the duodenojejunal junction, where it 
was fixed by dense fibrous adhesions (see Fig. 4). The superior 
mesenteric artery was also brought to a position between the duo- 
denum and colon. After freeing the fibrous adhesions the colon 
and artery were returned to their proper place in relation to the 
small intestine by rotation through 360° in a counter clockwise 
direction. The duodenal mucosa at the site of the twast was edem- 
atous and hemorrhagic and the muscularis was fibrous. There 
was no change, other than the serosal thickening, in the wall of the 
colon where it W'as fixed behind the duodenum. 

Discussion 

Four cases presenting defective secondary mesenteric attach- 
ments of the intestine of the type commonly called “mesenterium 
commune” are described. The attachment of the mesentery to the 
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The cecum was adherent to the anterior surface of the duodenojejunal junction 
and upon freeing it the colon was seen to pass from right to left behind the 
twisted segment of duodenum. The colon was fixed in this position by adhesion 
to the posterior abdominal wall. After the cecum had been dissected free it was 
possible to demonstrate the patency of the obstructed portion of the duodenum 
by pressing on the stomach. The operative note is concluded with the statement 
that “however, one could not establish normal relations by any process of ro- 
tation. In view of the fact that the duodenum at least was anatomically patent, 
it was felt that nothing could be accomplished by further exploration.” 

The child died on the second day after operation. 

Postmortem Examination: Three distinct abnormalities were dis- 
closed by examination of the abdominal contents. 

The first anomaly was defective mesenteric attachment, similar 
to that described in the previous cases in which the distal portion 
of the duodenum was unusually mobile, the small intestine sus- 
pended from a common mesenteric root, the axis of which was the 
superior mesenteric artery, and the colon suspended on a long mesen- 
tery whose posterior attachment followed a line which curved to the 
left and then descended toward the midline of the pelvis. 

The second anomaly consisted of a clockwise volvulus of 360® 
whereby the duodenum had been drawn anterior to the superior 
mesenteric artery and the colon posterior to it, with fixation of the 
colon by fibrous adhesions in that position (see Fig. 4). The twisted 
segment of duodenum was surrounded by fibrous adhesions but was 
not completely obstructed. Most of the adhesions had been dissected 
free at the time of operation, and there was considerable hyperemia 
and edema at this site. Both on gross and microscopic examination 
the absence of injury to the muscularis indicated that the twisted 
segment of the gut had not been severely damaged and that the 
volvulus had not caused any considerable degree of stenosis. 

The third anomaly was an intra-abdominal hernia by which a 
large part of the small intestine had passed through a defect in the 
mesentery close to the ileocecal junction. The aperture in the 
mesentery was about i cm. in diameter and the margins of the orifice 
were slightly thickened. This mesenteric hernia was apparently the 
condition responsible for the surgidal failure to re-establish normal 
relationship. It was first necessary to reduce the hernia, which was 
done without difficulty and without dissection. The colon was freed 
of its secondary adhesion behind the duodenum and the large and 
small intestine rotated in a counter clockwise direction through an 
arc of 360°. This returned the large and small intestine to their 
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artery lay between the small and large intestine (Fig. 4). That 
this malposition was a volvulus rather than reversed rotation during 
fetal life, was indicated by the torsion of gut and mesentery at the 
axis of rotation which was at the duodenojejunal junction. The 
abnormal mobility of the terminal portion of the duodenum pre- 
vented the superior mesenteric artery from being obstructed by be- 
ing included in the twisted segment. The manipulation required 
for the relief of the obstruction brought the colon and the superior 
mesenteric artery anterior to the duodenojejunal junction and in 
their normal planes. Figure 4 indicates the abnormal relations in- 
cident to the volvulus and Figures 5 and 6 show the successive 
stages in the reduction of the volvulus by a counter clockwise 
rotation of 360° as indicated by the arrows. The relations obtained 
by this corrective manipulation (Fig. 6) represent those of normal 
fetal rotation but with the defective secondary fixation illustrated 
in Text-Fig. i. 

Inasmuch as such conditions are likely to be seen first with a 
limited surgical exposure it is important to appreciate how closely a 
volvulus resulting from a “mesenterium commune” may simulate 
abnormal fetal intestinal rotation. The manipulation required for 
the relief of a volvulus due to defective mesenteric fixation in an 
intestine which has rotated normally is obviously quite different 
from that which would be effective in relieving an obstruction in a 
malposition of the intestine because of abnormal fetal intestinal 
rotation. In either instance the intestine would have to be returned 
to the position normal for that individual, whether that position be 
the result of the usual or of reversed direction of fetal rotation. 
Regardless of the direction of fetal rotation the position of the in- 
testine resiilting from it would have become normal for the indi- 
vidual, inasmuch as the direction of rotation is established by the 
end of the tenth week of fetal life and all further growth of intestine 
and mesentery are conditioned by it. 

Conclusions 

Four cases of “mesenterimn commune” have been described, one 
in an infant manifesting no disturbance referable to the anomaly, 
and three in infants who died of intestinal obstruction secondary to 
the hjqDermotility engendered by the defective mesenteric attach- 
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posterior abdominal wall followed a pattern similar to an interro- 
gation point (?), the small intestine being suspended from a pedicle, 
beginning at the upper limb of the ? with the line of attachment of 
the colon, deviating to the left and then descending toward the mid- 
line into the pelvis (Text-Fig. i). In none of the cases was the 
mesentery of the colon fused with the greater omentum and in all 
the greater omentum was vestigial. 

The first case was of an infant, 7 months of age, in whom the de- 
fective mesenteric attachments were an incidental autopsy finding 
without any clinical record of obstructive phenomena. 



Text-Fig. i 

Drawing illustrating the dorsal line of mesenteric 
attachment as seen in all four cases (solid lines) 
in contrast to the normal secondary h'ne of 
dorsal attachment that should have been 
present (dotted lines). 

In the second case, which was of an infant, 9 months of age, the 
defective mesenteric attachments had made possible an intussus- 
ception of the small into the large intestine of such magnitude that 
the advancing end of the intussuscepted gut could be palpated by 
a rectal examination. 

In Case 3 and Case 4, which were of infants, 3 and 7 weeks of age 
respectively, the condition disclosed at operation and autopsy sim- 
ulated reversed rotation in the second stage of intestinal develop- 
ment (Frazer and Robbins). The colon was fixed behind the small 
intestine at the duodenojejunal junction and the superior mesenteric 
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Plate 117 

Figs, i, 2 and 3. Photographs of the successive stages in the reduction of the 
volvulus seen in Cases 3 and 4. (See Figs. 4, s and 6 for interpretation.) 

1. Clockwise volvulus of 360° with reversal of the planes of large and 
small intestine. 

2. Reduction of the volvulus by 180° in a counter clockwise direction. 

3. Complete reduction of the volvulus with establishment of normal 
position. 

Figs. 4, 5 and 6. Drawings showing the relations of small and large intestine to 
one another and to the superior mesenteric artery in the photographs shown 
in Figs. I, 2 and 3. 

4. Volvulus of 360° as shown in Fig. i. The arrow indicates the direction 
of rotation necessary for reduction of the volvulus. 

5. Reduction of the volvulus by 180° as shown in Fig. 2. The arrow in- 
dicates the direction of rotation for complete reduction. 

6. Complete reduction with establishment of normal position. 
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ments. In two of the infants, the obstruction was caused by a 
volvulus of 360° in a clockwise direction, which because of the ab- 
normal motility of the terminal portion of duodenum reversed not 
only the planes of the small and large intestine, but also the relation 
of superior mesenteric artery to the duodenojejunal segment of the 
intestine. The condition in these two cases was such as to stimulate 
reversed developmental rotation. 

• These cases illustrate the surgical necessity of determining at the 
outset whether the condition is a real reversed rotation or a second- 
ary volvulus due to defective fixation. Correction of a true reversed 
rotation established during the third month of fetal life must regard 
the reversal as normal for that individual, while only the volvulus 
type may be reduced by returning to normal position. 

The author wishes to thank Dr. J. W. HoUoway, Dr. F. S. Gibson, 
and the Babies’ and Children’s Hospital for the use of their records. 
Miss Theodora Bergsland for the drawings and Dr. B. M. Patten 
for helpful advice. 
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